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PREFACE 


No diligent search in the history of the development of the 
_ industrial system is necessary to determine the one single cause 
which has contributed most to industrial unrest. This cause 
may be described briefly as the lack of an equitable and con- 
sistent method for measuring human effort and from this measure 
establishing a compensation which is mutually satisfactory to 
employer and employee. The scientific management movement 
covering the last two or three decades has brought forward many 
systems, plans, and ideas which have been of varying degrees of 
value to industry. Ranking with those that are recognized as 
being among the best of these developments is time study. Con- 
sidering its economic importance in industry and its value as a 
means of promoting better relations between employer and 
employee, there has been a rather limited amount of published 
material on the subject. As might be expected of a compara- 
tively new science, early development has been rapid. Some 
of the best-known and most widely used practices of five and 
ten years ago have fallen into disuse in the more progressive 
plants. The time-tested methods which remain, as well as the 
new developments that have grown out of additional experience 
and study, are now reflecting those qualities of maturity and 
permanence which promote instinctive confidence. In_ this 
book, the authors have attempted to present these time-tested 
principles and newer developments incorporated in a fully 
developed and completely described time-study and formula 
system. 

It should be understood by the reader that the term ‘‘time- 
study”? as used in this book carries with it the fullest inter- 
pretation. Common usage has decreed that ‘time-study” 
shall be used to identify what is in reality “time and motion 
study.” The two are inseparable, and one is of little use with- 
out the other. There should be no confusion, however, with 
the methods of some modern authorities who have chosen to 
identify their practices by the term, “motion-study.” This 
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term standing alone is fully as misleading as is the term “time- 
study”? when standing alone. Motion study does not eliminate 
the time element any more than time-study eliminates the 
scientific analysis and standardization of motions. The distinc- 
tion lies in the fact that motion-study, by means of motion 
picture cameras and comparatively elaborate ‘and expensive 
methods, lays greater stress on the minute analysis of motions 
under more or less ideal or laboratory conditions, while time- 
study as advocated in this book, is designed along simpler, more 
practicable, and more comprehensive lines. It is a practical 
working system that may be applied in any industry, large or 
small, standard or special, with the use of simple and inexpensive 
apparatus, securing quick results under normal and practical 
operating conditions as they actually exist and with the least 
amount of interference with production and with the workers’ 
mental attitudes. The authors have not attempted to elabo- 
rate on motion-study as such, partly because it cannot be sepa- 
rated from time study and partly because they feel that it is 
merely a feature of high grade analysis and standardization 
preparatory to the actual recording of watch readings on the 
time-study form. 

This book is designed to fulfil a dual purpose as a textbook 
for technical schools and as a handbook for practical men and 
factory executives. While there are some points, therefore, 
which may not be of particular interest to the student, these 
same points are vitally interesting to the man who wishes 
actually to put in operation a working time-study system. 
Viewed from the standpoint of the student, Chaps. III, XVI, 
XXXIV, XXXV and XXXVIII may not justify intensive 
study. These chapters, however, are of considerable value and 
interest to the employer. 

The book is divided into three parts. Part I takes up step 
by step the method of making a time study. For the sake of 
clearness, a large number of examples have been purposely 
avoided, but one that is representative and comparatively 
simple has been traced through each step. Attention is called 
particularly to the analyses and classifications of skill and 
effort and to the leveling method of determining standard time 
values. Part II is a complete exposition of the methods for 
constructing formulas from time-study data. Part III explains 
in a general way how to organize and supervise time-study, 
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formula, and wage-payment work in any plant. This part will 
be perhaps of more interest to the practical man than to the 
student, although it should not be neglected by the latter. 

Acknowledgement: is made to the Westinghouse Electric and 
Manufacturing Company for the cooperation which the authors 
have received from it. The formulas given as examples are in 
actual use in the East Pittsburgh, Pa., plant. 
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TIME AND MOTION STUDY 


AND FORMULAS FOR WAGE INCENTIVES 


CHAPTER I 
ECONOMIC NECESSITY FOR MEASUREMENT OF LABOR 


Primitive man existed at first, independent of his neighbor, 
fashioning his own weapons, hunting his own food, and making 
his own rude clothing. As time went on, however, certain individ- 
uals became experts in making weapons, others in hunting game, 
and still others in making clothes. Here is recognized the begin- 
ning of the division of labor and of the various trades. One man 
made weapons for all his neighbors, another hunted food for the 
immediate community and so on, each trading the products of 
his labor beyond his own requirements for a portion of his neigh- 
bors’ excess. This trading in commodities is known as bartering, 
which along with other economic factors, such as mediums of 
exchange and credit, is the foundation of the vast commercial 
activities of today. : 

Labor—the Commodity.—Bartering involves only the physi- 
cal exchange of goods. When it became inconvenient and 
cumbersome actually to exchange goods for goods, mediums of 
exchange were developed. It then became possible to express 
the respective vaiues of all commodities in commonly accepted 
and convenient units of measure. Beads and other such trinkets 
are recorded as being among the first things used in a manner 
similar to that in which gold and silver are used today. 

Trading in commodities by means of a medium of exchange 
is known as buying and selling. The primitive specialist, pre- 
viously referred to, who devoted his entire time to one activity, 
found it profitable to sell his surplus production beyond his own 
requirements and, with the medium of exchange thus secured, 
to buy other things that he needed. If he met with success, 
his work increased until he soon reached the limits of his 
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personal output. In order that his business might grow, he soon 
found it necessary to employ help. He then became a buyer 
of labor just as he already was a buyer of commodities other than 
those which he made. In fact, labor has frequently been classed 
as a commodity. Whether it is or is not strictly a commodity 
may be debatable, but the fact that it pee economic value 
cannot be disputed. 

Measurement of Labor.—Commodities or anything else of 
value are purchased by measure; that is, a certain quantity or 
number of units of a certain quality is obtained for the price paid. 
The units of measure vary. For instance, coal is measured by 
the ton or bushel, cloth by the yard, land by the acre, and brick 
by the thousand. 

It was logical, then, that a measure should be developed for 
labor, and also that the units should be changed as they were 
found to be inadequate or unfair, just as present methods of 
fixing commodity values have grown from the original crude and 
incorrect attempts. 

Slave labor was not uncommon in times past. For this, the 
purchaser had to pay only the market value of the slave or perhaps 
finance an expedition of conquest into enemy territory for the 
purpose of bringing back captive slaves. He then became the 
owner of a potential supply of labor to use as he saw fit during 
the lifetime of the slave. Serfs exchanged their labor for a place 
to live which was granted them by their feudal lords. 

Under the apprenticeship system, young men, or rather their 
parents, contracted to sell their labor over a period of years in 
exchange for a working knowledge of a trade. The demand for 
labor increased with industrial development, and men learned to 
market their labor by the year, month, day, and hour. The last 
named is a method which is still widely employed. It is a safe 
estimate that there is more labor purchased today on a straight 
hourly basis than in any other way. This, of course includes 
not only productive labor, but all indirect, maintenance, and 
expense labor. The tendency, however, is away from this 
method toward fairer and more equitable plans. 

Quality of Labor.—It has been said previously that commodity 
values are determined by quality as well as quantity or measure. 
Thus far, the value of labor has been discussed only from a 
quantitative viewpoint, the measure being on the basis of time. 
But it must not be overlooked that quality enters into the deter- 
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mination of labor values just as it does into the determination of 
commodity values. The statement that the hourly basis of wage 
payment is, in general, unfair and unsatisfactory may bring forth 
the argument that quality is taken into account because different 
classes of labor demanding different degrees of skill and experience 
are purchased at different hourly rates. The hourly rate of tool 
makers as a class, for instance, is higher than that of ordinary 
machinists, and the rate of cabinet makers higher than that of 
carpenters. This is true, but the element of quality has been 
only partly taken into account. Although tool makers as a class 
are worth more than machinists as a class, it does not necessarily 
follow that all tool makers or all machinists are of equal value. 

Quality of labor is determined by the personal characteristics 
of the worker including such things as skill, effort, intelligence, 
experience, physical strength, endurance, and ingenuity. 

Value of Labor.—Quantity alone is not an adequate measure of 
the value of labor. Assume that two mechanics are each given 
100 small metal parts to be laid out for drilling. The two jobs 
are identical and both men have equally good tools and equipment 
with which to work. One man proceeds to lay out each individ- 
ual piece by means of his scales, calipers, scribers, center punch, 
hammer, and other layout tools. Each piece requires approxi- 
mately 3 minutes or the operator takes 300 minutes or 5 hours to 
complete his 100 pieces. The other man spends 1 hour in making 
a template to fit the work. Holes are properly located so that 
it is only necessary to lay the template over each piece, insert a 
center punch in the proper holes, tap it with a hammer, and the 
piece is accurately laid out. The whole operation for each 
piece takes only about 30 seconds, or a total of 50 minutes is 
needed for the entire 100 pieces. The second man thus requires 
only 50 minutes plus the 1 hour for making the template or less 
than 2 hours to do the same amount of work which the first man 
took 5 hours to accomplish. It is evident that the second 
mechanic is of considerably more value to his employer than the 
first simply because his labor possesses an element of greater 
quality. Why should an employer be obliged to pay for the addi- 
tional 3 hours required by the workman who did not use his head 
when 2 hours is sufficient to complete the job? 

On the other hand, neither can quality stand alone as a measure 
of the value of labor. Two men may be equally capable of turn- 
ing out work of high quality, but one may produce in larger quan- 
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tities than the other over the same period of time, thus making 
himself of more value to his employer than the other. 

Therefore, the judicious employer does not want to purchase 
merely labor, which is measured only on the basis of time as when 
he buys it by the hour. He wants to purchase output or useful 
work which, in this discussion, will be regarded as the results of 
labor that has been applied toward a desired accomplishment. 
From an economic standpoint, he is not particularly interested in 
the amount of labor required to produce each unit. He is more 
vitally interested in producing as many units as his facilities 
permit, assuming, of course, that the market will absorb his 
maximum output. It is the product itself that he sells, not the 
labor used in producing it. The fact that one unit contains 
more labor than another similar unit does not make the first 
one of any more value to the consumer nor will it command a 
higher price. It is the desire of the employer, therefore, to have a 
uniform labor cost in each unit of product, which is possible only 
when he purchases output or useful work rather than mere labor. 

Compensation.—To pay for work on the basis of results 
demands some means of fixing the compensation for each unit of 
output. In order to satisfy this demand, management has 
been obliged to experiment and grope about in search of a satis- 
factory answer. 

Chapter II treats more fully of these early attempts and 
failures to supply this need and reviews the difficulties which 
were encountered in developing what is now recognized as the 
real solution—scientific time study. 

Employees’ Objectives.—The employee now recognizes the 
advantages to himself of working in a shop where modern time- 
study methods are used. 

The principal objectives of the employee are to secure maxi- 
mum earnings commensurate with the effort expended, while 
working, in so far as conditions will permit, in a healthful and 
agreeable environment. Time study has contributed immeasur- 
ably toward the attainment of these objectives for the employee, 
because thorough time-study analysis brings to light the undesir- 
able and improper working conditions and methods and estab- 
lishes a fair time value for every job. These time values, 
when used with a proper incentive system of wage payment, 


enable the employee to increase his earnings by increasing his 
output. 
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-Employers’ Objectives.—The employers’ objectives are, briefly, 
to secure a maximum output of standard quality at a minimum 
cost per unit. Progressive employers recognize the proper appli- 
cation of time-study methods as being one of the most important 
factors in modern industrial management which tends to bring 
about the accomplishment of their objectives. Such obvious 
benefits to the employer as having a better-satisfied working 
force, resulting in a minimum labor turnover, and getting what 
he pays for are alone sufficient to command his cooperation 
and support. 

Conclusion.—It is now clear that the necessity for measuring 
human effort was an economic development, which paralleled 
and was actually a part of our normal industrial growth. 


CHAPTER II 


AIMS, FUNDAMENTALS, AND DEVELOPMENT OF TIME 
STUDY 


Chapter I has shown the desirable end, paying the worker, not 
for the time he spends at his place of work, but for what he 
actually accomplishes. The means to this end—the method 
used to determine the number of standard hours which will be 
allowed on any job—is time study. 

Aims of Time Study.—If a number of experienced time-study 
men were asked to define the aims of time study, a few might 
thoughtlessly say: ‘‘To determine the number of standard hours 
in which an average man could do a given piece of work.”” The 
rest, being real time-study men, would say: 


To subject each operation of a given piece of work to a close analysis, 
in order that every unnecessary operation may be eliminated and in 
order to determine the quickest and best method of performing each 
necessary operation; also to standardize equipment, methods, and 
working conditions; then, and not until then, to determine by scientific 
measurement the number of standard hours in which an average man 
can do the job. 


It is because time study aims to do more than merely set time 
values that it has gained for itself such an important position 
in modern management. Because of the elimination of waste 
of time, effort, and material and because of the speeding up of 
standard operations and processes used in production work by 
the close study and searching analysis that it involves, time- 
study work is now recognized by every progressive plant manager 
to be a leading factor in mass production, low costs, and efficient 
operation. 

The Average Man.—Usually when a group of time-study men 
meet for a conference, the ‘average man’’ is argued about and 
discussed. Yet, if someone asked for a definition of an average 
man, very few would be able to answer, and in all probability, no 
two of these answers would be alike. The term “average man” 
has come to be used almost as loosely as has the term “efficiency.” 
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For purposes of discussion, an average man may be defined 
as a man who has been working on a given class of work long 
enough to know it thoroughly, who is not unfitted for the work 
by nature, and who possesses normal intelligence and enough 
education to perform satisfactorily the work at hand. In 
general, about 30 per cent more is produced by the skilled worker 
than the average man when both are exerting the same effort 
under the same conditions. It must be borne in mind that an 
average janitor and an average tool maker are two different 
types, that the length of time necessary to learn a job thoroughly 
may vary from a few hours for a dipper in a paint shop to several 
years for a man engaged in assembly work on large electric loco- 
motives, and that the figure 30 per cent, while holding good in 
a great many lines of work, may vary higher or lower in lines 
permitting or not permitting the development of a very high 
degree of skill. 

If there is only about 30 per cent difference between the average 
worker and the skilled worker, how is it possible for one man to 
turn out twice as much work as another? This is because the 
two men differ in effort or application to work. If, for example, 
in a 10-hour working day a skilled worker devotes all his time to 
his work and if in the same day the average worker actually 
works only 6 hours and wastes the rest of the time, the difference 
between the output of the two men will be not merely 30 per 
cent which represents the difference in their abilities, but more 
nearly 117 per cent. During the 6 hours that the average man 
works, the skilled man will produce 30 per cent more, and in the 
4 hours which the average man does not work, the skilled man 
will, because of his superior ability, produce the equivalent of 
approximately 5.2 hours as measured by the ability of the average 
man. This 5.2 hours is almost 87 per cent of the average man’s 
total working time for the day, which when added to 30 per cent 
previously gained, makes a total gain of nearly 117 per cent. 
The skilled man not only excels the average man in ability but 
he also is able or willing to spend more of his time at his work. 

Standardizing the Work.—It is of little use to establish a 
time value on an operation if the method of performing that 
operation is to be changed overnight. The operation must be 
studied, analyzed, and discussed from every angle before the 
time study is taken. Quite often the task of standardizing the 
methods of doing a given job will take much longer and will 
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require much more thought than the actual taking of the time 
study. 

Some of the things which must be considered in standardizing 
work are labor-saving tools, jigs, and fixtures, most efficient 
cutting speeds and feeds, arrangement of the work bench, 
material-handling equipment, methods and motions used by the 
workman in doing the job, and working conditions, such as light, 
heat, and ventilation. All these will be discussed more fully 
later. 

Changing Established Time Values.—Once a time value has 
been established on a job, it must never be changed as long as 
the conditions and methods in effect when the time study was 
taken still exist. In some cases, it may be permissible to raise 
a time value if the time-study man has obviously made a mistake 
in setting it and where the workman is not being allowed time 
for all the operations which he must perform. But if the error — 
is in the other direction, the value must not be lowered. There 
is one possible exception to this rule and that is where the high 
time value is plainly due to a clerical error on the part of the time- 
study man. The management should not be expected to pay 
for such mistakes. When the time value is changed, the greatest 
care should be taken to show the man or men affected that a 
clerical error and not an error in judgment is being corrected. 
Correcting an error in judgment after a worker has brought it out 
by doing the work in much less time than that allowed is 
absolutely fatal to any incentive plan. Far better that the 
management stand the expense of a few time values wrongly 
made too liberal than that the workman lose faith in the fairness 
of the incentive system and get the feeling that he must restrict 
his output to a certain amount if he is not to have the rate 
reduced. The practice of cutting rates, unfortunately, was quite 
general in the early days of setting piece rates by guesswork, 
and there is a feeling in the mind of the workman that he will 
be allowed to make only a certain amount of money. Only by 
guaranteeing that a time value once established is permanent 
unless methods, tools, or design of the part is changed may the 
management expect to secure from the workman his hearty 
cooperation and best effort. 

When a change in methods, tools, or design does occur, the 
operations affected by the change should be retimed and the time 
values changed to suit the new conditions. The change should 
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not be used as an excuse to change unaffected time values which 
may be a little too high. 

Inspection Requirements.—The time-study man, before he 
makes a time study of a job, must first become familiar with the 
inspection requirements. He should find out from the inspector 
just what will be required in regard to finish, fit, dimensions, and 
the like. By this, the time-study man will know whether an 
operation is necessary or unnecessary and whether the workman 
is doing the job poorly or too well; in short, he will be able to 
prevent the workman from doing too much and thus wasting 
time and effort, and he will see that the workman is allowed time 
enough to do all that is necessary. The time-study man, how- 
ever, does not determine quality. 

When studying a job that has already had work done upon it, 
the time-study man must check the inspection requirements of 
the previous operation to make sure that the condition of the job 
is what it should be. This will prevent the man who is being 
timed from getting a time value for doing or finishing an operation 
for which allowance has already been made. 

Beginnings of Time Study.—The above principles of time study 
were not always known nor did they just happen. They are the 
result of a great deal of development work extending over a 
number of years. 

When the idea first occurred of paying a man for what he does, 
the question at once arose, ‘‘How is the management to deter- 
mine how much a man can do in a given length of time in order 
that it may know what to pay him?” This was answered by 
assuming that this amount could be determined best by the man 
who knew most about the work. The duty of establishing time 
values or piece rates was given in most cases to the foreman in 
charge of the work. It soon developed, however, that these 
men had little to guide them but judgment and that in many 
cases their judgment was incorrect. They knew ‘‘how” and 
“why” but not “how long.’’ In addition, the tendency of a 
human being to be influenced by his own likes and dislikes was 
noticeably present. One man’s opinion of the honesty and 
ability of another man was a decided factor in the setting of time 
values. The foreman, in general, considered the setting of time 
values as secondary in importance to his other work. When a 
workman approached a foreman whose mind was occupied with 
production problems to ask for a time value for a job, the value 
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was often given without much thought. Under this system, a 
great many time values were necessarily very inaccurate. They 
were either too low to enable the man to earn a fair day’s wages or 
so high that the management felt that earnings were too high and 
accordingly cut the rate. This led to dissatisfaction and ill 
feeling on all sides. 

The Overall Check.—Out of this chaos of guesswork, a new 
method arose. In large organizations a new department was 
created and in small ones a new job was born. This department 
in some plants was known as the rate-setting department and the 
men in it as limit setters or rate men. These rate men were 
chosen on the basis of their skill in and knowledge of the work 
and for their general intelligence, because it was still felt that a 
man must be an expert at the work to set time values. These 
rate men differed from the foreman in that their only duty was 
that of establishing time values. 

The rate man, in some cases, estimated the time male for a job 
to be performed from a drawing of the part. He analyzed the 
work and determined to the best of his ability, which was by no 
means constant, what was required and how the job should be done. 
From the knowledge thus gained, he estimated the time value. 

In other cases, he actually watched the job as it was being done 
and noted the length of time required to do a number of pieces. 
The time value was established by adding to the average time 
any allowances which the rate man felt were justified. Under 
this system, the man could extend the time for doing the work in 
a number of small ways which the rate man could not readily 
detect. Then, too, the rate man used himself as the standard 
when judging others, which was only natural. The inconsist- 
encies which resulted were many and serious and led to a great 
deal of suspicion and mistrust. High earnings were made which 
were out of proportion to the increase in production. The rate 
man, seeing this, became suspicious and lost confidence in both 
the workman and himself and acted accordingly. The workman 
as a matter of self-protection resorted to any means through 
which he could extend the time of doing the job while being 
checked. As a matter of principle, he fought every time value 
set whether it was good, bad, or indifferent. 

And all this time, the necessity was growing for a better, fairer, 
and more accurate method of establishing time values. To this 
end time study was developed. 
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Introduction of Time Study.—Dr. Frederick W. Taylor has 
many times heen referred to as the father of time study. He 
was responsible for the introduction of the fundamental princi- 
ples of time study, and it was largely due to his efforts and his 
faith in this work that time study withstood the criticisms and 
antagonisms of old-school pessimists and finally won the recogni- 
tion which it deserved. Scientific time study as it is now known 
has been developed upon the foundations laid by Dr. Taylor. 

The value of time study was not fully recognized at the start 
and was generally opposed by both employer and employee. 
The employer did not see how anyone, seemingly unfamiliar 
with the conditions existing in his shop, could with a stop watch 
correct the inconsistencies which his foremen with their years of 
experience had been unable to control. They judged time study 
from the surface only and did not investigate the underlying 
principles. 

The opposition of the employee was a little more justifiable. 
For years he had suffered from various attempts at time setting, 
and he had no reason to believe that the new method would be 
any better than the old ones had been. The stop watch appeared 
to him as an inhuman device for reducing him to the status of a 
machine, and it was no easy task to convince him that time study 
would work to his own advantage. He was convinced, however, 
‘and now, where a group of men have been working under a 
good incentive system based on time study, it would be very hard, 
if not impossible, to get them to go back to former methods. 
They realize that they get fair treatment and justice under the 
time-study system, and they know that they have the oppor- 
tunity to earn all that their abilities will permit without fear of a 
reduction in time values. 

Spread of Time Study.—As time study began to be known, 
the more progressive employers went more deeply into the sub- 
ject and soon began to realize its possibilities. They saw that 
time study would conserve their diminishing labor supply and 
that it would bring about the training of better workmen. When 
these employers had used time study for a while, they began to 
forge ahead of their competitors because of lower costs and greater 
efficiency. To meet this, the other employers had to fall in line. 

The more time study was used, the more uses were found for it. 
Its application was broadened daily until now there are few jobs 
which cannot be placed on an incentive basis by the use of time 
study. 


CHAPTER III 
QUALIFICATIONS OF A GOOD TIME-STUDY MAN 


To be a good time-study man, one must be able to carry out the 
aims, principles, and practices of time study and to get the desired 
results with the least amount of friction and discord. In a plant 
where time study has been long established, this is a compara- 
tively easy task, but where the idea is new to both men and 
management, there is sure to be a certain amount of antagonism 
and criticism. It requires a high-grade man to handle a situation 
of this kind successfully, and it will be useful to fix firmly in mind 
the essential characteristics that such a man must have. 

Personality and Tact.—A good personality is necessary for 
success in nearly any line, and this is markedly so in time-study 
work. A time-study man must first, last, and at all times be 
able to get along with people in a positive way. Many men get 
along by simply keeping still and giving in to the point of weak- 
ness. This is the negative way. The time-study man must be 
able to hold his ground when he feels that he is right and to gain 
his point without losing the cooperation and good will of those 
opposing him. He must be able to establish new methods with- 
out hurting the feelings of those who originated the old ones. 
He deals directly with the workman through the most sensitive 
point of contact—the pay envelope. He will meet with obstacles 
on every hand; yet he must put through that which he believes is 
right and, at the same time, make his work pay dividends. 

To do all this requires tact, sympathy, and an understanding of 
the wishes and desires of those with whom he is working. He 
must have a real interest in his fellow men and be guided by a 
practical conception of the limitations of human nature. Only a 
man possessing these attributes can hope to accomplish the work 
of a time-study man in the most satisfactory manner. 

The time-study man must in addition have no little sales 
ability. In almost everything he does, he is performing the 
function of a salesman. He is selling the idea of time study to 
the management, selling new methods to the shop supervisors, 
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and selling time values to the workmen. And selling in its true 
sense does not mean forcing something on an unwilling customer 
but rather in showing the customer his need for the thing, creat- 
ing his desire for it, and then furnishing him with it. 

Patience.—A time-study man must possess that: most desirable 
virtue—patience. He must be able to see the fruition of his 
plans withheld again and again, he must experience trying delays, 
he must be able to talk calmly to excited and angry men, he must 
be able to experience lack of cooperation and to withstand criti- 
cism, all without losing his equilibrium. A time-study man must 
have the respect of the supervisors and the workmen with whom 
he deals, and no other single quality will do more towards securing 
this respect than the ability to keep his temper under control. 
One who loses his temper when approached by an angry man 
loses a decided advantage and deprives himself of his most 
formidable weapon—his poise. 

Judgment and Self-confidence.—A good time-study man needs 
better than normal judgment. He must keep his head during a 
heated discussion in which others are excited and a little irra- 
tional in order that he may be ready to pass calm and impartial 
judgment on the subject under discussion. He will be called 
upon frequently to determine the intrinsic worth of new ideas 
and suggestions. He must be broad minded and open to con- 
viction, he must be able to view a moot question from every 
angle, and he must possess the faculty of basing his conclusions 
upon the merits of the case rather than upon the influence of 
preconceived prejudices. 

Above all, he must be able to judge men. He must size them 
up and sense whether or not they are honest with him. If they 
try to slacken their efforts during a time study, he must realize it 
and must be able to tell the degree of skill that each man possesses. 
And always, in exercising his judgment, he must strive to be fair 
minded and to keep his sense of proportion. 

Confidence in himself and his work is essential to a time-study 
man. New ideas meet with strenuous opposition from unpro- 
gressive or ultra-conservative men, and unless the time-study man 
has this confidence, gloomy predictions and hindering actions 
are very likely to worry him and bring doubt into his mind. 
Once a man begins to doubt himself in the face of opposition, his 
cause is lost, but let him keep his poise and self-confidence and 
the battle is won. 
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Education.—One of the important requirements for a. time- 
study man is that he have at least a high-school education 
or its equivalent. This equivalent may have been obtained right 
in the shop, at night school, or through correspondence courses. 
In addition to academic training, the more shop experience a man 
has the better, for it helps to balance his perspective in a way that 
cannot be accomplished by theory alone. A time-study man 
should be grounded in the fundamentals of algebra and English, 
for without these he cannot hope to derive formulas or to express 
himself clearly in his instructions and reports. Any other study 
which provides mental training and teaches one to think and rea- 
son for himself will be helpful. The more mathematical training 
a man has the better, for this will be invaluable in all formula 
work. 

The college man has the advantage of a more thorough aca- 
demic training, but if he is a recent graduate, he will need some 
shop experience to give him more of the practical viewpoint. He 
will need to be able to use shop terms and talk a common language 
with the workmen in order to gain their respect for his knowledge 
and ability. For these reasons, it is better to give a college man a 
few months on the shop floor where he can associate with the 
workmen as one of them before starting him in on time-study 
work. 

Mental Traits——A good time-study man should have, pri- 
marily, an analytical mind. Time-study work requires constant 
analysis, constant dissecting of systems, methods and processes, 
and the viewing of each element separately. The time-study 
man must be able to go directly to the bottom of every problem 
and determine the reasons for conditions as they are. He should 
have a naturally inquisitive mind and a desiré to pry into and 
learn everything connected with his job. 

The time-study man must be alert and always on the lookout 
for new ideas and improvements. He should have originality 
and a naturally inventive turn of mind so that he can work out 
new and better methods for doing things. He must, first, recog- 
nize theeproblem and then solve it. 

To be a success at his work, a man must like it. Since the 
time-study man’s mental work is largely that of solving problems, 
he must like to do this. Every unsolved problem should present 
a challenge, and the harder the problem the more eagerly should 
he accept the challenge. . He should go at a problem, seemingly 
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impossible of solution, with all the zest of a football fullback hurl- 
ing himself at a hitherto unbroken point in the line. 

~ Accuracy.—A time-study man must be accurate in everything 
he does. He must judge accurately, reason accurately, and 
observe accurately. He must be accurate in taking and working 
up data and also in applying these data in setting time values. 
If the time-study man errs in any of these details, his final results 
are likely to be far out of line with what is to be expected. If a 
worker receives a time value which is noticeably incorrect, he is 
likely to lose confidence in the time-study man. It is possible 
for one mistake to destroy that which it has taken months to 
build up, that is, the confidence of the worker in the fairness and 
the ability of the time-study man. 

Initiative and Optimism.—A time-study man must have initia- 
tive. He directs his own efforts to a great extent and works out 
his own plan of action. He has no one to go to for definite 
instructions as has the man on a more routine job. Sometimes 
he may be shown a certain piece of work and asked to study it. 
More often he will have to see the possibilities of a job and will 
have to tackle it himself. Unless he has the initiative to go 
ahead and start things moving himself, he will not make much 
of a success of his work. 

A time-study man should be a born optimist. Every day in 
his work he runs into so many pessimists and doubters that his 
spirits will soon be dampened and his ardor cooled unless he 
resolutely ignores the gloomy predictions on all sides and pro- 
ceeds confidently on towards his goal. 

Finding a Time-study Man.—Two large fields may be searched 
for time-study men by a plant which is fortunate enough to have 
a trained man ready to head time-study work and to teach new 
men the proper methods of procedure. The first place is right on 
the floor of the plant itself. There are almost certain to be 
several men anxious to get ahead, willing to study and work 
hard, who possess enough of the above qualifications to do time- 
study work. These men have the decided advantage of knowing 
conditions as they exist in the plant and of realizing the viewpoint 
of the workman. They are practical men and have a thorough 
knowledge of the work they are to study. 

The other field is among recent college graduates. They have 
the advantage of broad education and a mind trained to reason. 
They lack, however, practical background, and it is for this 
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reason that it is best for them to spend a few months doing actual 
productive work before going into.the time-study department. 
From the viewpoint of the college man, time-study work gives 
him the opportunity of getting in a quick and thorough fashion 
that which he most needs—experience. 

Conclusion.—A perusal of these qualifications may give the 
idea that a time-study man must be a kind of superman. Per- 
haps he should be, but he undoubtedly will not be. It would be 
hard indeed to find a man possessing all these qualities. The 
conclusion, then, is that there are no good time-study men. 
That is by no means true. There probably are no perfect time- 
study men, but there are many, many, good ones. These good 
ones have a certain amount of the above qualifications and have 
tried to cultivate others as best they could. The result is that 
they are striving to do their work conscientiously the best they 
know how, and they are building up and maintaining the good 
reputation of time-study work throughout the country. 

There are several things that make time study the interesting 
and fascinating work that it is. No work which does not present 
obstacles to be overcome can long beinteresting. The time-study 
man finds two conditions which at first may prove stum- 
bling blocks on the road to results. All new ideas and improve- 
ments, no matter how good, meet with a certain amount of 
opposition. All changes are at first resisted. This is the first 
obstacle. The other is the odium attached to any incentive 
plan in the minds of the workman, a heritage from the era of 
guesswork. This is rapidly being overcome and, when time 
study becomes generally seen in its true light, will disappear 
altogether. 

Time-study work itself presents many and varied problems, 
each of which must be solved as it comes along. No two 
problems are alike, and this prevents time-study work from 
becoming routine and hence dull. There is always a chance for 
new and original thinking. Then, after the time-study man has 
overcome his obstacles and solved his problems, he has the satis- 
faction of seeing his plans bear fruit. He sees his suggestions. 
adopted and his predictions of savings actually being fulfilled, 
and while the commendations of the management are yet ringing 
in his ears, he is called out again to exercise his wits and ingenuity 
on another job, perhaps still more engrossing. 


CHAPTER IV 
ELEMENTS OF TIME STUDY 


It has been said previously that time study means considerably 
more than the mere recording of elapsed time during the per- 
formance of a piece of work. It is the intent, in this chapter, to 
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and to show their relation to each other and the order in which 
each should be considered. In Fig. 1, time-study procedure is 
analyzed graphically into its various elements, each of which is 
treated briefly in this chapter. Each of the more important 
elements is also given a subsequent chapter devoted exclusively 
to a full and complete discussion. 

Analysis of the Job.—The proper consideration of this subject 
is essential. The analysis of the job is a thorough study of 
existing conditions, methods, equipment, and anything else that 
might affect the time required to perform the work satisfactorily. 
It also demands that the time-study man familiarize himself 
with the physical characteristics, application, and inspection 
requirements of the part or piece of apparatus upon which the 
operation is being performed. Analysis of the job has a decided 
influence upon the ultimate results. If done properly, it will 
simplify greatly the work to follow and facilitate the successful 
application of the time value which is determined by the study. 

Standardization.—All this analysis and study of the factors 
influencing the performance of the job is made with a view toward 
standardization, another very important preliminary to the 
actual time study. It is practically useless to start taking studies 
or setting time values until the job is standardized. Using a 
production job as an example, this condition may be defined by 
saying that the job is not standardized unless each piece is 
delivered to the operator in the same condition, and it is possible 
for him to perform his portion of the work on each piece by com- 
pleting a set cycle of motions by doing a definite amount of work 
with the same equipment and under uniform working conditions. 
Once this standardization is effected and found to be workable, 
the time value is established accordingly, and it is reasonable to 
. expect the operator to do the job within the allowed time by 
continuing to follow the prescribed method. 

Choosing the Operator.—Very often there is only one operator 
employed on the particular job in which the time-study man is 
interested. In this case there is no choice, but whenever the 
time-study man has the opportunity of making a choice where 
several operators are doing the same work, he should, of course, 
select the one from whom he can expect the best results. It is 
of considerable assistance to have the confidence and cooperation 
of the operator, and an operator who has this attitude towards 
the time-study man is always a desirable one to study. _Intelli- 
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gence breeds understanding, and understanding of time-study 
principles by the workman generally commands cooperation. 
Hence, it is well to study the more intelligent operator. He 
.can be reasoned with and is more likely to receive favorably the 
time-study man’s suggestions to experiment with new methods 
or ideas. He may make some good suggestions himself. The 
operator selected should be thoroughly accustomed to the method 
of doing the work so that he will proceed from one operation or 
motion to the next without hesitation or delay in an efficient and 
systematic manner. The operator who likes his work and has a 
reputation for doing good work is usually a good choice, for he 
doubtlessly has analyzed the job to a certain extent himself. 
Other advantages being equal, it is more desirable to make the 
study on the work of the more skilful operator, not because a 
minimum performance time is to be secured but because the 
more highly skilled man is also more consistent and more system- 
atic. His skill is, of course, taken into consideration when the 
leveling process which will be described later is used. It is not 
good policy to study an operator who has an antagonistic attitude 
toward time study, if it can be avoided. If there is no better 
choice, an effort should be made to convert the antagonist before 
proceeding with the study. This is often accomplished by 
explaining the purposes and fairness of time study. 
Ordinarily, judgment is passed on the merits of a worker, in 
a very general way, by saying that he is above average, average, 
or below average. This classification conveys some idea of rela- 
tive ability, but when one stops to analyze what is really meant, 
he finds that such a description is inadequate because no work- 
man is, or should be, judged on the basis of any single character- 
istic, but rather on the basis of all the characteristics which 
influence his ability as an operator. These characteristics are 
mainly as follows: 
Attitude: feeling towards work, fellow workers, and company. 
Conduct: attention to work. 
Dependability: attendance, punctuality, and reliability. 
Intelligence: judgment, resourcefulness, and ease of learning. 
Performance: quality and quantity of work, waste, and broken 
tools. 
Physical qualities: physique, health, and strength. 
It will be readily appreciated that a worker can be above aver- 
age, average, or below average in any one of these characteristics, 
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and it is necessary that the time-study man should consider all 
of these details or as many of them as possible in choosing the 
operator. 

Approach to Worker.—An inexperienced time-study man 
frequently makes the mistake of antagonizing a worker simply by 
his method of approach. It is part of a time-study man’s job 
to gain the confidence and good will of the workmen. He 
cannot be successful in this if he treats them indifferently. They 
do not appreciate being regarded as a part of the machine which 
they are operating; yet a time-study man apparently does just 
this if he calmly walks up with his watch and begins to record 
readings without offering any comment or explanation which 
would tend to create a friendly spirit of mutual interest. It is 
well to explain to workers who are not accustomed to working 
under observation the methods and purposes of time study. 
Often they do not understand that it is of no advantage to them 
purposely to introduce delays and unnecessary operations. It 
should be made clear that such things are not included in the 
allowed time and that they merely complicate the study. Opera- 
tors generally misinterpret the motives of the time-study man 
when he selects the skilled man for his study. They are inclined 
to feel that the allowed time will be based upon that man’s per- 
formance, thus making it very difficult, if not impossible, for the 
average man to do the job in the time given. This is, of course, 
erroneous, and they should be made to understand that the level- 
ing method of determining values enables the time-study man 
to arrive at the correct time regardless of the speed and the skill 
with which the operator works. 

It is helpful to a time-study man, when determining his method 
of approach, to try to place himself in the position of the worker 
and to ask himself what he would expect from a time-study man 
and how he would like to be treated. There is no excuse for the 
feeling of suspicion and mistrust that sometimes exists between 
observer and worker. Human nature, after all, is pretty much 
the same everywhere, and workers, like everyone else, will gen- 
erally respond favorably to an open and frank method of dealing 
with them. Nothing will command their respect -and their 
cooperation more than a realization that the man with whom 
they are dealing knows his business. In order to create this 
impression, the time-study man must be able and willing to 
discuss intelligently the practical, as well as the theoretical, 
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phases of the work. One of the many reasons for proper analysis 
of the job is here apparent. 

Motion Study.—If a job has been properly analyzed and stand- 
ardized, the sequence of motions will have been given some 
‘consideration. This, the first step in actual observation, is 
worthy of close study; it draws upon the knowledge and judg- 
ment of the time-study man more than might at first be supposed. 
He is obliged to define exactly in a very few well-chosen words 
and in a limited space on the time-study form every motion and 
detailed operation performed by the worker. This demands 
familiarity with technical as well as practical shop terms, and a 
knowledge of the proper application, manipulation, and nomen- 
clature of the machines, tools, and equipment used. The break- 
ing up of the job into its elemental motions must be clean cut and 
sharply drawn, so that when the watch readings are being 
recorded, the chance of one element overlapping the next will 
be minimized. It is sometimes advisable to make a preparatory 
line-up of the sequence of motions. Some thought can then be 
given to the best arrangement on the time-study form so as to be 
the most economical with space and to facilitate the recording 
of watch readings. If the detailed motions are described and 
lined up properly, one who is familiar with the line of work would 
be able to visualize every step by merely reading over the list, 
although he had not actually seen the particular job performed. 
The information should be so specific that a competent operator 
could use it as instructions for doing the job even though he had 
never performed the operation before. 

Stop-watch Readings.—The recording of watch readings is 
regarded by many people as the principal feature of a time study. 
The importance of accuracy at this point is paramount and must 
not be slighted in the least. Without correct watch readings, 
all else is useless. 

Much of the success of time study depends upon the prepara- 
tory steps that have been discussed thus far. They call upon the 
highest qualifications of the time-study man, qualifications with- 
out which he cannot be a good time-study man. Yet, here, 
when one comes to the actual technique of time study, he finds 
that the principal if not the only major requirement is accuracy. 
Anyone of normal intelligence who can concentrate can quickly 
learn to record watch readings; yet he may never be able to qualify 
as a good time-study man. All that goes before is in preparation 
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for the observations, and all that follows is based upon the data 
secured at this time. The vital importance of accuracy should 
now be apparent. 

The foregoing must not be construed to mean that the work of 
taking observations is easy. To stand in one position with atten- 
tion fixed simultaneously on a stop watch and on the hands of an 
operator for several hours is a physical strain. It is also a mental 
strain to concentrate on the job when surrounded by disturbing 
influences. It is not difficult to acquire the necessary skill to 
record observations, although this requires practice. Concen- 
tration must be developed to the point where it becomes a habit. 
The principal difficulties encountered are foreign operations, 
variations in sequence, and a number of successive short opera- 
tions which make it necessary to remember the readings until 
the occurrence of an operation of sufficient length to allow time 
for recording them. Practice will develop the skill needed to 
meet these irregular situations without affecting the accuracy of 
the observations. 

Overall Time.—The starting and stopping times of the study 
as shown by the ordinary watch should always be recorded. 
From this the overall elapsed time for the duration of the time 
study may be readily computed. It should be equal to the sum 
of all the detail times, foreign operations, and delays, and when 
divided by the number of pieces completed, will show the average 
overall time for each piece. This overall time is valuable as a 
ready check on performance during the study, but it should not 
be allowed to influence the determination of the allowed time, 
because it includes everything that occurs during the course of 
the study. 

It is sometimes desirable to know the actual overall time on 
each piece in order to check the general consistency of the worker. 
When this is wanted, ordinary watch time should be recorded 
at the completion of each piece. 

Information.—A time study, to be of value for future use, must 
tell the whole story of the job in such a way that it will be under- 
stood by anyone familiar with time-study methods other than 
the observer who might have occasion to refer to it 6 months or a 
year later. This will not be possible unless all identifying and 
other pertinent information is recorded at the time the study is 
made. Provision is made on the back of the sheet for such data. 
Records should be made to show complete identifications of the 


ELEMENTS OF TIME STUDY 23 


operator, the part or piece of apparatus, the machines, tools, and 
equipment used, the operation, and the department in which the 
operation was performed. Sketches, for which space is provided, 
are generally a desirable and satisfactory adjunct to verbal 
descriptions. Note should be made of the effort given and the 
skill exhibited by the operator, of working conditions, and of 
anything that is peculiar or relevant to the job. 

Subtractions.—This step in time-study procedure is just what 
its name implies. If the continuous method of recording 
watch readings was used when the observations were made, it is 
only necessary to subtract successive readings to determine elapsed 
times. This is simply clerical routine and may often be delegated 
to a clerk who can be depended upon for accuracy and who 
understands how to take care of foreign operations, variations 
in sequence, and other irregularities in the recorded observation. 

Summary of Elapsed Times.—After abnormal values have 
been discarded, the results of the subtractions—the detail time 
values—are summarized in an ordinary manner at the bottom 
of the sheet in preparation for the determination of standard 
detail values. A detailed explanation of the methods of making 
a summary is given in Chap. XII. 

Leveling.—It is now necessary to select or derive the proper 
time value for each detail motion or operation in the study. 
This must be done from the summaries which have been made. 
When it is considered that the detail values often vary over a 
fairly wide range, sometimes as much as 100 per cent for short 
operations, it will be appreciated that this task must be 
approached with careful thought and sound judgment. At this 
stage skill, effort, and working conditions must be taken into 
account. Obviously, no general rule can be laid down which 
can be applied in all cases. The human element becomes a 
dominant factor at this point because no two operators are con- 
sistently, if ever, of exactly equal ability. If all workers avail- 
able for time study were average—no experts and no dullards— 
the problem would be greatly simplified. It must be remembered 
that time-study work is subordinate and an aid to the main 
business of production and must never be an obstruction. It 
must not require the creation of special or unnatural conditions 
but rather must be flexible enough to fit in with the general scheme 
of modern industry. The time-study system must be applicable 
to all operators, good, bad, or indifferent. The work must go on 
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whether the most desirable type of operator is to be found or not. 
There must be, however, a leveling process at some stage of the 
work. The time-study man must be able to arrive at a proper 
time value no matter whether the subject of his observations is a 
good or a mediocre operator. The time required by a poor 
operator must be graded down, and the time required by a 
skilled operator graded up so that the final result is a reasonable 
allowance such that it can be met by a worker giving average 
performance. The skilled man will, of course, benefit by his 
greater production, and the untrained operator will be unable at 
first to meet the allowed time. 

Much has been written and said about proper methods of 
determining standard time. Some authorities advocate simple 
averages, others offer methods based upon consistency and 
length of operation, and still others merely advise the use of 
judgment. Simple averages are unsound because they do not 
take into account skill and effort. Consistency and length of 
operation combined indicate a little more research and theory 
but are not reliable because an expert operator can fake consist- 
‘ency to the point of deceiving an experienced observer. Broadly 
speaking, judgment is too general and indefinite and, unless 
guided, has too wide a range to be relied upon. Gutded judg- 
ment, however, must play an important, if indirect, part in 
leveling. er di 

Allowances.—Since the derived time values are net elapsed 
times, they do not provide for delays and other legitimate allow- 
ances. Something, therefore, must be added to take care of 
such things as fatigue, personal needs, delays outside of the 
control of the workers, and special or abnormal conditions of the 
job. Some of these allowances, such as those for fatigue, vary 
according to the nature of the work, and flat percentages must 
be determined for each general class of work, such as bench work, 
machine tool operations, hard physical labor, and so on. The 
standard time is then increased by the percentage applicable to 
the class of work in which the element falls. Personal allowances 
are the same for all classes of work. Peculiar conditions sur- 
rounding specific jobs sometimes demand special allowances. 

Allowed Time.—The allowed time is the ultimate objective 
of an individual time study and should be a fair allowance for 
performing the job. It should represent the time which an 
operator of average skill would require when making an average 
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effort under average working conditions and when experiencing 
the retarding effect of fatigue, unavoidable delays, and the like. 
Jobs requiring a set-up of machines or other equipment. before 
production work can actually begin should be given an allowed 
time for the set-up and first piece and then an allowed time for 
each additional piece. 

Checking.—Before the allowed time is placed on record, the 
time study should be thoroughly checked for accuracy in compu- 
tations. The allowed time checked against the average overall 
time for each piece should disclose any very flagrant discrep- 
ancies, and will show whether the operator met the allowed time 
during the study, but this is not to be interpreted that allowed 
time must always exceed the average overall time. This com- 
parison is only a general guide which should be used advisedly. 
The completeness of information should also be closely checked. 
Many studies are rendered valueless for future use merely because 
the job is not specifically identified and fully described. 

Records and Filing.—All time studies and related data should 
be filed so that they are readily available for reference. Either 
the workman or the management is likely to wish to discuss a 
time value at any time, and the time-study man must have his 
data on hand so that he can answer all questions and justify 
any stand he may have taken. 

The allowed-time values, as determined by time study, should 
be recorded and filed in a convenient manner for the use of time 
clerks or supervisors. A card index, filed according to numbers 
which identify the part, is generally found to be most satis- 
factory as a working file. A permanent official record should 
also be kept from which duplicate cards may be made out for 
the working file as the active ones become lost or soiled. 


CHAPTER V 
ANALYZING THE JOB 


Analyzing the job means more than the words might imply to 
the layman. It means, in a broad sense, analyzing the job and 
everything required for the performance of the job, such as 
materials, tools, method of procedure, and working conditions... 
It means segregating the job into its component parts, comparing 
methods and similar work, and determining the reason for and 
the importance of each operation. 

It is a good policy never to be suspicious nor to question the 
honesty of an operator. The time-study man should neither 
credit nor discredit effort according to his belief in the fairness 
of the operator. Rather, he should be so equipped with knowl- 
edge pertaining to all the details of the work to be studied that he 
can definitely decide the kind of effort from the evidence at 
hand, regardless of his belief as to the operator’s honesty. Only 
in this way can a time-study man have the confidence and respect 
of the operator and establish consistent time allowances. 

The necessity for a practical knowledge of proper tools for 
performing a given operation, of the correct handling and use of 
these tools, and of proper working conditions can hardly be 
exaggerated. Without this knowledge, the time-study man can- 
not be expected to analyze any job with a view to determining 
and establishing the most efficient and systematic method of 
performance. The success of a time-study man will depend 
largely on his analytical ability and the amount of this practical 
knowledge which he. possesses. 

Purpose of Operation.—Before one can mupoeefalte pass judg- 
ment or determine the best and most efficient way to perform a 
given operation on a part, he must know why the operation is 
being done and the function which the part will fulfil in the 
ultimate use and application of the finished product. It would 
be entirely unnecessary to put a high-grade finish on something 
that will eventually be hidden away in an automobile or some 
other piece of apparatus as long as this finish is not necessary to 
26 
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efficient and lasting performance. A plasterer does not attempt 
to distribute the rough plaster on the walls of a house as evenly 
or as smoothly as he does the finish plaster. A painter does not 
take the time or the care in painting preliminary coats that he 
does in painting the finish coat and the trimmings. Ina home, 
an ordinary floor made to be covered with a rug does not call 
for the same workmanship as does the hardwood floor of a ball- 
room. Electric controllers used on elevators in large department 
stores and hotels usually have an ornamental design and finish; 
on the other hand, those used in steel mills and similar places 
require a more rugged construction and finish to protect them 
from the rougher usage to which they are subjected. 

The time-study man should know when a part being machined 
is to have a running fit or a driving fit, a contact surface or a 
surface merely smoothed up for appearance. He should know the 
effect that a close or a loose fit will have on the performance of 
the apparatus. He should know if the operation is preliminary 
to some other operation, as in the case of a rough turn for a 
grinding operation. In general, the time-study man should know 
the reason for every detail operation being performed and its 
effect in the ultimate use and success of the product. He will 
then be able to make suggestions intelligently toward improving 
the product, eliminating unnecessary operations, and facilitating 
necessary work. 

Inspection Standards.—After the time-study man has satisfied 
himself as to the purpose of the operation, he should go to the 
inspector and-find out just what are the inspection standards. 
The inspector must also have some knowledge of the purpose of 
the operation. He should set his inspection standards from this 
knowledge plus the engineer’s specifications rather than from the 
specifications alone. Then, for example, if the specifications 
call for a 4-inch diameter on a certain shaft; the inspector will 
know whether to hold to this dimension within a few thousandths 
or whether a variation of #¢ inch is allowable. The inspector 
and the time-study man will work together in determining such 
permissible allowances and will act as a check on each other in 
determining the standard method for doing the work. 

If the piece is to be inspected immediately after the operation 
has been performed, the time-study man will familiarize himself 
with such requirements as finish, dimensions, tolerances, and 
allowances. If the piece is to have one or more subsequent 
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operations performed on it before reaching the inspector, the 
time-study man should learn the final requirements. Then he 
should study the subsequent operations in order to learn how they 
fit together as a whole to make up the finished product. He will 
learn the part played by the particular operation he is about to 
study in bringing the product toward the finished state. 

Often this analysis will result in changes and savings, and 
many times an operation may be eliminated or combined with 
another. For example, a time-study man is about. to study a 
milling operation on a small casting. He learns that, after 
milling, the part is taken over to a bench where the burrs left 
from milling are filed off. Later, during his study, he notices 
the operator of the milling machine has several minutes while 
the machine is making the cut during which he has nothing to do. 
From his previous analysis, he sees at once that this operator can 
do the filing during this idle time and thus eliminate the next 
operation. If he had not first made a careful analysis, this 
possibility would have passed unnoticed. 

Knowledge of inspection requirements will also enable the 
time-study man to be certain that the material or part is delivered 
to the operator in the proper condition, and that he performs all 
the necessary, and only the necessary, work upon it. 

Materials.—All materials should meet required specifications 
as to physical properties and conditions. All abnormal condi- 
tions, such as castings being extra hard or defective due to 
improper molding or bar metals being oversize, unusually tough, 
or crooked, should be traced to the cause and an attempt made to 
bring about a correction. Excess material on castings over that 
necessary to insure the required finish should be eliminated if 
practicable from a foundry standpoint. The reason for excess 
material in any place over that required for the proper making 
of the part should be traced to the source, and suggestions made 
to eliminate it. Such a condition not only makes the operation 
longer without improving the finish of the product, but it also 
causes a great waste. In the case of castings, it is not uncommon 
to have to remove 3 inch of material in machining where 
% inch would have made a perfect job with fewer cuts. This 
same condition may be found in the machining of parts from bar 
stock, or in making parts in woodworking shops. In fact, it is 
a condition which may be looked for in almost any line of 
industry. 
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In assembly work, punchings, machined parts, molded parts, 
and parts made by hand should be accurate and according to 
specifications. It is necessary to keep all fitting, filing, and 
adjusting down to a minimum in order to insure a better product 
and a greater output in less time. 

Materials such as oil and cutting compounds for machining or 
sand for molding, which are used in the making of parts or the 
performing of operations, should be suited to the nature of the 
work. It is necessary to use a fine sand in making aluminum 
castings, but it would be wasteful to use this same sand for 
some brass alloys because of the additional venting that would 
be involved. In general, anything about the material used in any 
operation which causes unnecessary extra work should be deter- 
mined and corrected before establishing a standard allowance. 

Preparation and Development.—At the beginning of every job, 
there are always operations which will not occur on the addi- 
tional pieces after the set-up and method have been established. 
This work consists of reading the drawing or the instruction card 
where these are used, getting all tools and materials required, 
making the set-up, such as putting dies in hammers or presses, 
and making trial pieces until final adjustments are made. A 
complicated set-up on a turret lathe, setting stops by trial cuts 
and locating dial positions, arranging tools and equipment for 
a bench operation, and making templates are all considered as 
set-up operations. Whatever the nature of the work, there will 
always be a certain amount of preparation work required, and in 
most cases, the ease and the efficiency with which the work will 
be done depends largely on this preparatory work. The time- 
study man must recognize this fact and should analyze the set-up 
thoroughly, having ever in mind the idea of improving and 
simplifying the operation with a resultant saving in time and 
improvement of quality. Any work which will be required to get 
the job started each time it is done should be considered as a 
set-up operation. 

When a job appears in the shop for the first time, there is 
usually a certain amount of experimental work necessary to 
develop the best method for doing the operation. The time and 
thought given to development on work of a repetitive nature 
will be well paid for, and after the method is worked out, it should 
be recorded in order to eliminate the necessity for going through 
the same thing again on the same or similar jobs. The time 
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spent by the operator in the development of an entirely new job 
should preferably be paid for as day work. By this is meant any 
work which will not have to be done again each time the job comes 
through. 

Method of Procedure.—Probably the most important part in 
the performance of any job is the method of procedure, and it is 
in this part of the analysis that the real worth of the time-study 
man will be revealed. It is usually found that where time study 
is not used, each individual does his own work according to his 
own ideas and, in most cases, never stops to consider whether or 
not the method can be improved upon, being satisfied with the 
fact that the finished product meets requirements. The argu- 
ment is often advanced that every person has his own way of 
doing things and that it matters not how a job is done as long 
as it is done. It is absolutely true that people have their indi- 
vidual peculiarities and ideas, but this is no argument against the 
advantages to be derived from standardized methods. 

It is not uncommon, where there is more than one workman 
engaged on a given operation, to find a difference in output 
which is often as much as 100 per cent. This is generally believed 
to be due to a difference in ability. Of course, this is partly 
true but not to the extent that it is thought to be. A thorough 
analysis will often show that different methods are being used 
and that the operators who are turning out the greater produc- 
tion are not expending so much energy as those turning out the 
lesser production. The former work with their heads as well as 
their hands and consequently have developed a smooth system-’ 
atic method of procedure. It is altogether possible to instruct 
the less efficient operator to follow the same method, thereby 
increasing his output to such an extent that the greater part of 
the difference between the operator having the higher efficiency 
and the one having the lower efficiency is eliminated. 

It is not to be expected that the time-study man, by observing 
the different operators engaged on the same class of work, will 
find one who is perfect whom he may use as a standard by which 
to judge and instruct the others. He will, however, find that in 
many cases one operator will have developed a method for doing 
a certain element of the operation that is easier and faster than 
the method used by his fellow workers. One of the other 
operators may have perfected a different element of the operation 
and so on. By discovering these differences through analysis, 
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the time-study man is able to combine the best methods for 
doing each element into one standard method of procedure for 
doing the whole operation. 

Machine, Cutting, and Hand Tools.—All tools should be the 
most efficient available for any given operation. An operator 
should not be permitted to perform an operation by hand that 
can be done better and in less time on a machine. He should 
not use a smooth file when a rough one would do just as well, for 
with a rough file he will accomplish more work with less expendi- 
ture of energy. Files, chisels, saws, and the like should not be 
used after they have become dull. They should either be 
exchanged or sharpened, as they cause hard work with little 

_actual accomplishment. Hammers should be of proper style 
and weight for the purpose, and layout tools should be in good 
condition and suitable to the work. 

Special labor-saving hand tools should be used whenever a 
saving in time would result. Examples of these are socket 
wrenches, ratchet wrenches and screwdrivers, air drills, air 
hammers, air chippers, and air rammers. A striking example of 
what can be accomplished by the use of special hand tools 
occurred in the operation of mounting a piece of apparatus on 
skids preparatory to crating for shipment. Four bolts are used 
in mounting, and in running on the nuts an open-end wrench was 
formerly used. It was impossible to make a complete circle 
due to obstructions. The workman had to make a part turn, 
take a new hold, and repeat this until the nut was tightened. 
The substitution of a ratchet wrench for the open-end wrench 
reduced the time for the mounting operation by about 60 per 
cent. 

Cutting tools used on machines should be properly ground and 
should have the correct clearances and shapes. Machine tools 
and all driving equipment and belts should be in good repair. 
The time-study man should determine whether or not the work 
is being done on the machine best suited to the job being studied. 
No job should be done on a No. 1 milling machine that could 
be done better and faster on a No. 4 milling machine, nor should 
a job be finished on a milling machine, lathe, or boring mill that 
could be worked to an advantage on a grinder, or vice versa. 
An engine-lathe job should not be done on a turret lathe, nor a 
turret-lathe job on an engine lathe: In analyzing the tools used 
on a job, the time-study man may find that the operation could 
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be segregated to advantage, 7.e., part of it could be done on one 
machine and part on another with a resultant saving in time. 

For example, in the machining of cast-iron bushings, the 
elements of the inside and the outside surfaces must be parallel. 
It is very hard to get this condition on a turret lathe. Nearly 
true surfaces may be gotten if the set-up is carefully made by an 
expert, but even then there will be some variation between the 
individual pieces, and the results are neither dependable nor 
satisfactory. For these reasons, it was formerly held that the 
job could be done only on an engine lathe. A time-study man, 
in analyzing this job preparatory to making a time study, 
believed that the rough and finish boring and the rough turning 
could be done on a turret lathe. Then, by mounting the bushing 
on a mandrel, the finish turn could be made accurately on an 
engine lathe. This was tried successfully, and a 45 per cent 
reduction in machining time resulted. 

An operation done on a bench by hand can sometimes be 
partly done on a machine to advantage. Riveting is sometimes 
done on a bench when a saving in time and an improvement in 
appearance might be effected by upsetting the rivets with a 
hammer just enough to hold them in place and then by finishing 
the job on a rivet spinner. 

Jigs and Fixtures.—Wherever the quantity warrants, special 
jigs and fixtures should be used, as they effect a great saving in 
time and assure more accurate and uniform work. Multiple 
jigs and fixtures, 7.e., those made to hold several pieces, should 
be applied whenever it would be an advantage to do so. Index- 
ing and rotary fixtures should be used in machining operations 
wherever possible, as they very often make it possible to reduce 
the time for performing an operation to the time required to 
remove and place the part to be machined. Self-centering 
devices on lathe operations should be used where practicable. 
Often it will be found to an advantage to secure two fixtures 
where it is necessary to remove the fixture to reload it. The 
operator can then load one while the cut is being made on the 
other. 

The time-study man should continually try to effect savings by 
the elimination of elements of the operation through the applica- 
tion of specially designed fixtures. To give an example of what 
can be accomplished by the’ application of special fixtures, a 
job that was formerly ground on a plane surface grinder was held 
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in a vise during the operation. It was suggested that a multiple 
fixture be made so that the job could be done on a Blanchard 
grinder. Accordingly, a fixture to hold 20 pieces was designed 
and made. The work was transferred to the Blanchard grinder 
and a saving of 80 per cent in time was made. 

In the operation of ‘point and face under head” in making 
machine bolts, an element of the operation was made unneces- 
sary by a somewhat different type of fixture. The bolts, during 
the machining operations, are held and driven by a socket held 
in a chuck. Formerly when the bolt was finished, the operator, 
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Fic. 2.—Chute for separating bolts and cuttings. 


without stopping the machine, knocked it out of the socket, and 
it fell, together with the cuttings, into the pan of the machine. 
This made it necessary for the operator to stop work periodically 
_ to separate the bolts from the cuttings. A simple chute shown 
in Fig. 2 was designed and attached to the machine. This 
chute, a grating of parallel bars, guides the bolts into a box truck 
and allows only the cuttings to fall through into the pan. The 
time formerly spent in the separating operation is thus given to 
machining which, of course, brings about an increase in produc- 
tion at a reduction in cost. 

Other Equipment.— When an operation is to be performed on a 
bench, special attention should be given to the location and 
arrangement of the bench. The design of the bench is often 
important. A bench is usually considered to be simply a table 
of indefinite length, about 3} feet high and about 3 feet wide. 
In the majority of cases, this type of bench answers the purpose 
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very well, but in some special instances, the bench may be 
designed especially for a certain class of work with a saving of 
time and effort. For example, where it is necessary to glue flakes 
of mica together to form a large sheet, the work bench should 
be tilted on an angle so that the operator may be able to see and 
reach all parts of the bench easily. In addition, the bench may 
be made of translucent glass beneath which a light is placed, thus 
enabling the operator to see easily any bare or thin spots in the 
mica sheet. This bench not only saves time but also raises the 
quality of the sheets, for it is almost impossible for a flaw to exist 
undetected. 

Vises particularly suited to the work at hand should be conven- 
iently placed on the work bench. The wrong type of vise for a 
given job may greatly slow up an operation. For instance, 
a workman may have some hard straightening to do and only a 
light vise with which to hold the part. He will have to exert a 
considerable effort to tighten the vise enough to hold the piece, 
and even then when he is hammering on or bending the part, it 
may come loose from the vise causing a loss of time and often 
bruised knuckles or toes. A heavier, larger vise here will do away 
with this trouble. 

Surface plates should be used on benches where there is any 
heavy hammering or riveting to do. Having something solid 
upon which to lay the part will greatly facilitate these and similar 
operations. 

All materials and supplies should be arranged in the most 
convenient manner possible so that the operator loses no time in 
needless hunting. Supplies should be placed where wanted 
within easy reach of the operator. The bench should be clean 
and orderly. 

Handling devices which may aid the performance of the opera- 
tion should be utilized wherever savings can be effected. Jib 
cranes are often essential near machines handling large, heavy 
parts. Gravity-fed chutes, from which supplies may be quickly 
extracted, a given number at a time, may be utilized to speed up 
bench operations. Chutes fed by overhead conveyors save a 
molder much time in filling his flask with sand. The time-study 
man should constantly seek to use devices which will either 
improve the quality of the product without increasing the cost 
or which will decrease the cost without detracting from the 
quality. 
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Material Handling and Supplies.—The time-study man must 
ascertain how the material on which work is to be done is brought 
to the work station of the operator and how it is removed after 
the operation has been completed. If the workman has to go for 
the material himself, he should be allowed time for getting it. 
Perhaps, in this case, it will be found that so much of the work- 
man’s time is spent in getting and removing materials that it 
will be cheaper to hire a laborer to do this work and thus allow the 
higher-priced operator to spend more of this time in actual 
productive work. 

The means by which the material is transported from place to 
place should be considered by the time-study man. Material 
handling is unproductive labor and should be reduced to a 
minimum. Many ingenious devices may be made to fit special 
conditions. Specially designed racks or bins, moved from place 
to place by lift trucks, may be helpful in handling delicate or 
highly finished work to keep it from being injured through con- 
tact with like parts. Again, it may be found advisable to change 
the layout of several work stations so that material may be passed 
from one operator to another by conveyors. In this case, gravity 
should be used as the conveying power wherever possible, because 
of the advantage of initial cheapness and low maintenance charges 
that such systems enjoy. 

In putting a storeroom on an incentive basis, the analysis of 
material handling becomes of paramount importance. Here, 
outside of a little clerical work, material handling is the only job 
done. Counting devices, adjustable-partition tote pans, special 
racks, and the like may be designed to suit each case. 

Many jobs require the use of nails, glue, nuts, bolts, lock wash- 
ers, terminal clips, rivets, and other miscellaneous parts that are 
commonly called indirect materials or supplies. The amount of 
time which the operator must spend in getting such materials 
from the storeroom and in placing them in convenient receptacles 
around his work station must be considered with the view to 
later determination of a supply allowance. 

Working Conditions.—There should be enough sentiment in 
business to take the human element into account. It was 
formerly thought that the workman was not concerned about 
the conditions under which he labored to earn a livelihood for 
himself and his dependents as long as he received his wages. 
The fallacy of this is now generally recognized, and most employers 
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know that money spent to provide good healthful conditions is 
an investment which pays dividends. 

Conditions, in a general way, may be taken to mean anything 
which may influence any part of the job, or in other words, any- 
thing which may be analyzed may be considered as a condition 
of the job. For the purpose of this discussion, however, the 
term ‘‘working conditions” will be used to mean any condition 
which might affect the mind or health of an operator, thereby 
interfering with the efficient performance of the operation. 

Temperature is an important consideration. The most favor- 
able temperature for comfort and efficiency is 65 to 70° F., and 
this should be maintained the year round as closely as possible. 
In many places, such as around furnaces or near solder pots, it 
is nearly impossible to maintain the ideal temperature. Fans or 
some other kind of forced draft may be used to advantage to 
keep the air circulating, but in most cases the temperature will 
be variable. An allowance for such conditions must be made 
when considering the effort an operator will be able to give 
throughout the day. The same holds true when the temperature 
falls below the ideal, as in unheated warehouses in winter and 
around ammonia refrigerating lines. 

Ventilation should be adequate to provide sufficient ea air 
at all times. In ordinary work places, such as machine shops 
or assembly rooms, it is usually easy to insure this through 
proper arrangement of windows, fans, and ventilators. In 
many places, however, the matter of proper ventilation offers a 
serious problem. Acid fumes, dust, and the like must be removed 
by specially constructed suction devices. Paint shops and dip 
rooms often abound in unpleasant smells, which, while not 
actually injurious, are irritating and may cause headaches. 
An operator cannot be expected to do his best work under such 
conditions, and if the conditions cannot be corrected, extra 
allowances must be made. 

Daylight is preferable to artificial light and should be utilized 
wherever possible. Eyestrain due to poor light should always 
be guarded against. A man cannot turn out accurate work if he 
cannot read his scales and verniers with ease. He cannot work 
at his greatest speed if he is not able to see exactly what he is 
doing. 

There should be discipline with a feeling of freedom and 
cooperation between the supervisors and the workmen, and a 
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mutual respect and interest for one another’s duties, problems, 
and responsibilities. In general, the entire surroundings and 
atmosphere should be mutually beneficial, pleasant, and healthful. 

Maintenance.—There is a certain amount of maintenance 
work which must be performed by the operator of a machine. 
He must oil and clean his machine daily, and he should devote a 
certain amount of time to a general cleanup of his work station at 
regular intervals. The time-study man must analyze this work 
and determine just how much of it is necessary. This he must do 
so that he may later make a proper allowance for the time 
expended. 

In many other fields, there is some necessary work which must 
be similarly handled, although it is not maintenance in the strict 
sense of the word. The time spent in wetting and mixing a 
supply of molding sand in a foundry when it has dried out over a 
week-end cannot be charged directly to any one production job, 
but it is entirely necessary, and due allowance must be made. 
Where a blacksmith must start his own fire each morning and 
maintain that fire throughout the day, allowance must be made 
for time so spent. 


CHAPTER VI 
STANDARDIZING THE JOB 


Analysis and standardization are very closely connected. 
Every part of a job is first carefully considered, and the pros 
and cons of each proposed change are duly weighed. Then, when 
the final decisions are reached, the job is standardized accord- 
ingly. Analysis involves thinking of the changes; standardization 
involves making them. 

Generally speaking, standardization is applied to a broader 
field than is analysis. During analysis, one particular operation 
is considered. In standardizing, operations as a class are con- 
sidered and attempts made to standardize those which are similar. 
Standardization aims not only to make operations alike for any 
part on a given machine but also to make operations alike for 
any part on any similar machine anywhere in the plant. 

The advantages of standardizing and specializing have been 
recognized in almost every industry. Few will try to belittle 
what has been accomplished by standardization in industrial 
plants where a single product is manufactured. Many, however, 
believe that this is the only type of plant to which the principles 
of standardization may be applied. It is true that a single-prod- 
uct plant lends itself more readily to standardization than does 
the plant manufacturing a variety of products in small quantities. 
But standardization should not be thus restricted, for there is 
proportionately as much to be accomplished in the latter case 
as there is in the former. 

Manufacturing Aspects of Standardization—The importance 
of standardization cannot be overstated. It brings about reduc- 
tion of costs and of overhead expense in many ways, both direct 
and indirect. It changes the job shop which is trying to do 
everything that comes along and doing nothing well to the special- 
ized shop which first determines what it shall make and then 
concentrates all of the facilities of the organization on the design- 
ing, the manufacturing, and the marketing of the output in the 
best and most economical way. 

38 
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In manufacturing, standardization makes possible many 
things which could not otherwise be done. In the first place, it 
has cut down the number of designs that go from the engineering 
department into the shop. This means that it is possible to have 
longer runs for a given operation with fewer set-ups. The 
number of drawings and the amount of manufacturing informa- 
tion is reduced. With only a comparatively few drawings, the 
men using them soon become familiar with them and do not need 
to spend so much time ascertaining what must be done to finish 
the operation according to specifications. Often, merely a 
glance at the drawing title and at the dimensions is enough to 
tell the operator just what he must do. 

When an operation is to be performed on a large quantity of 
parts it is possible. to design special tools, jigs, and fixtures, 
and thus effect a saving in time which would not be possible were 
the quantities small and general purpose tools used. Then further 
standardizing and simplifying of these parts will permit a reduc- 
tion in the number of tools, jigs, and fixtures themselves. 

Where materials are simplified into a few classes and sizes, 
the stores carried on hand will be greatly reduced. Part of the 
money tied up in raw materials will be released for more profitable 
purposes. Not only will the storerooms be smaller and the 
number of men needed to run them be fewer, but also there will 
more often be material on hand when it is needed. The delays 
which were formerly caused by the exhaustion of the store of 
some special, hard-to-obtain material by an unexpectedly large 
order will be minimized. This is true also of raw castings and 
supply material. 

The effect of standardization on the worker is very marked. 
The workman will become familiar with his job more quickly if the 
job is more nearly the same from day to day. He works with 
the same materials constantly, and he soon learns how to get the 
most out of his machine by using the maximum feeds and speeds. 
When a standard method of procedure has been established and is 
followed, the operator becomes highly skilled in using this proce- 
dure through constant repetition of the same motions. He 
becomes an expert and, as an expert, will produce more work of a 
higher quality with less waste, breakage, and lost time than a 
man working under non-standard conditions. 

Supervision is greatly simplified where methods, equipment, 
and design are standard. One foreman can handle more men and 
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will not have to bother with details as he would were he con- 
stantly studying new jobs and instructing new workers. Not 
having this to do, he is able to concentrate on the established 
work of his department and can devote his time to planning better 
and cheaper methods for doing it. He is freer to study his men so 
that he may place them on the jobs for which they are best fitted. 

Paper routine is reduced to a large extent by standardization. 
Record files are smaller, cost systems simpler, and timekeeping 
easier. The non-productive clerical force is smallest where all 
work is most nearly standard. 

The inspection force is also cut down. The inspectors become 
familiar with the product and know just where to look for defects. 
This minimizes the possibility of poor work passing unnoticed. 
The tools of inspection, such as scales, gages, and levels, may, 
like the tools of production, be fewer in number and better 
suited to the purpose. 

All of these things have the tendency to reduce costs and over- 
head expense. Non-productive set-ups are minimized, thus 
allowing the same number of machines to turn out more product 
or a lesser number of machines to turn out the same product. 
Lost time, unproductive effort, and idle machinery are greatly 
reduced. A better quality of product will be turned out at a 
lower cost of manufacture, and this product will be placed in a 
more favorable position in the field of competition. 

Design.—The point at which to start when considering stand- 
ardization is at the point where the line to be standardized is 
born. This is in the engineering department where the designs 
are first made. 

Engineers, like everyone else, wish to be original and want to 
create something new. This tendency, while laudable in the field 
of research, must be somewhat suppressed in the field of minor 
design after the fundamental features to be incorporated in the 
product have been fully developed. This minor design involves 
the designing of various sizes, capacities, and the like, for a 
standard type of product. In designing several of these, the 
engineer is likely to make minor changes in each size part for 
no other reason than that he does not want anyone to believe 
him incapable of working out things for himself. He does not 
wish to appear to be copying some other engineer’s work. 

For instance, a cover for a certain class of tanks is to be held 
down by swivel thumbscrews tightened against lugs. These 
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covers are used merely to protect the contents of the tank from 
dirt, dust, and foreign matter of all kinds and do not have to be 
absolutely tight as they might were they used on tanks under 
pressure. In designing the cover for 20-, 30-, and 50-gallon 
tanks, the engineer may call for two, four, and six lugs, respec- 
tively. Here, two lugs would be enough to hold the cover in 
place on any of these tanks. The desire to be different is all 
that has led the engineer to specify the different numbers. In 
all probability, he did not realize the expense involved in machin- 
ing the extra lugs on the cover and in furnishing and attaching 
the extra swivel thumbscrews to the tank. 

Again, a rocker arm shaft may be required for two different 
types of magnetic contactors. Although the types are different, 
the purpose of the shaft is the same in either case. Here, if the 
design be standardized so that the same shaft may be used in 
either contactor, the same set-ups, tools, and jigs may be used, 
and the number of shafts carried in the stockroom will be reduced. 

Materials.—The physical properties of materials to be used 
are generally determined by the conditions under which the part 
is to operate, but often there is a choice to be had among different 
grades of similar materials. Quite often, the advantage of one 
grade over another is purely imaginary. In many instances, it 
is hard to see where the use of one grade in preference to another 
makes any appreciable difference in the finished part, and the 
grade selected is often chosen for some minor reason which the 
advantages of standardization will more than offset. Unless 
the desirability of standardization be kept in mind during the 
selection of new materials, there will soon accumulate a large 
and varied assortment of materials. This leads to waste, since 
short ends and materials used in making a line which has been 
discontinued cannot readily be used up. It is necessary to 
maintain large stocks of raw material, and there is the danger of 
the supply of some special material becoming exhausted when 
it is most needed. 

The time-study man should not overlook raw materials in his 
consideration of standardization; rather should he lend every 
assistance towards reducing the number of kinds and sizes of 
material used. He may find that a certain part is made from a 
punching and that another, only slightly different, is made from 
a casting. He should bring this to the attention of the design 
engineer and should aid him in determining which form is best 
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to use as a standard. Wrong applications and unnecessary 
variations in materials are found quite frequently, and the time- 
study man should make suggestions to correct such conditions 
whenever he finds them. 

Machine Tools.—In factories where a single product is manu- 
factured, there will be one or more machines used for a single 
operation. These will have a special set-up, special tools, and 
equipment made for a single purpose. There will be as many of 
these set-ups as there are operations. When a time-study man 
has a condition of this kind to deal with, his work will be com- 
paratively easy; where the work is more of a jobbing nature, 
it is a different proposition. In the first case, when the time 
value is established for an operation, the whole group of machines 
employed on that operation is taken care of, until some change is 
made and it is only a matter of time before the time-study man 
has set time values covering every operation performed in manu- 
facturing the product. In the second case, the time-study man 
must first collect sufficient data to cover every condition that 
might arise, and then he must repeatedly apply his data to every 
new job that comes along. The time-study man should, in 
the latter instance, try to get his conditions standardized as 
much as possible. He should have as his ideal the shop that is 
manufacturing a single product even though he knows that he ~ 
can never reach that goal. He should realize that, just because 
the product is varied, it is not necessary to have the same number 
of variations in tools and equipment. At the same time, he 
should also keep in mind the desirability of special labor-saving 
conveniences for individual jobs and machines, but that these 
conveniences should be the same for all like conditions. 

There is usually a best way for doing anything, and there is 
usually a certain make of machine that has advantages over all 
other makes of similar machines for doing a certain job. This 
machine may or may not be available, but there will be, among 
those that are available, one type that will be better than the 
others. It is not uncommon to see three or four different makes 
of machines used on the same class of work, and sometimes it is 
impracticable to control the flow of individual jobs so that they 
will be performed on the same machine every time they appear 
in the shop. This condition makes it necessary to determine a 
time allowance for each machine on which the job may be done, 
even though this may not be entirely satisfactory. 
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A good example of this occurred in a machine shop where three 
radial drill presses were used. On two of these machines, the 
speed in revolutions per minute ranged from 17 to 240 in seven 
steps and the feed per revolution from 0.0066 to 0.011 inch. On 
the other machine, the speed in revolutions per minute ranged 
from 44 to 474 in 22 steps and the feed per revolution from 0.007 
to 0.031 inch. The advantage that the third machine had over 
the other two is obvious, and since it was impossible to control 
the flow of work to the individual machines of the group, the 
difficulties encountered in establishing time values may be appre- 
ciated. It was found that the third machine did approximately 
35 per cent more work than the other two, and the problem was 
solved in this case by replacing the first two machines with one 
of the third type. The two that were taken out were used on 
other work. Of course, it is not always practicable to do this 
as the saving effected may not justify the expense. 

Another interesting case of non-standard equipment was found 
in a shop which manufactured electric motor field coils. A group 
of semiautomatic winding machines was used for winding these 
coils. The work was studied, and time values were established. 
One of the operators consistently turned out about 30 per cent 
more work than any of the others. At first, the reasons for this 
were not understood. The operators all appeared to be working 
steadily, and approximately 90 per cent of the time required to 
wind a coil was machine time and only 10 per cent was handling 
time. A thorough investigation was made by the time-study 
man, and it developed that one of the machines had a larger 
driving pulley than the others. This accounted for the dif- 

ference. A check was made to determine whether the product 

of the fast machine was satisfactory and also to ascertain how the 
machine was standing up. When it was found that everything 
was all right, it was recommended that all the machines be 
equipped with larger pulleys. This was done with a resultant 
increase in output of about 30 per cent and a proportionate 
reduction in cost. 

The time-study man should always be on the lookout for 
similar conditions and should try to keep the speeds and feeds 
of like machine tools as nearly standard as practicable. By doing 
this there will be more production, and the workers will be better 
satisfied, since none will have any advantage over the others, 
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Small Tools.—The same thing that is true of machines and all 
power-driven tools is true of small tools, that is, cutting and hand 
tools, jigs,. and fixtures. The same advantages should’ be 
supplied to each operator doing similar work. 

It will not be attempted to treat even briefly the subject of 
cutting tools and of speeds and feeds, as space does not permit. 
In general, however, tools should be ground in the tool room by 
men who are experts to insure the proper shapes and angles for 
the class of work to be performed. One operator should not be 
permitted to drive screws with a plain screwdriver while another 
uses an automatic type. Whenever automatic tools can be used 
to advantage, they should be supplied and their application 
standardized. Jigs and fixtures should be standardized to elimi- 
nate variations in time on the same or similar operations. 

Equipment.—All equipment must first be suitable for the work 
to be done by it. In many cases, it will be found that several 
different types or makes will perform the work equally well. 
When new equipment is being purchased, similar equipment 
used in other parts of the shop should be examined and an effort 
made to choose the new in conformity to the old. For instance, 
when considering the installation of a new line shaft, the hangers, 
bearings, and shaft sizes used in the rest of the shop should be 
ascertained. If the designer has determined that the new shaft 
must be at least 31 inches in diameter and it is found that 
3i-inch, but no 3§-inch, shafting is used elsewhere, it will prob- 
ably be profitable to install a 3}-inch line shaft. Then it will not 
be necessary to carry spare shafting, bearings, couplings, and 
pulleys 33 inches in diameter. In case of breakdown, spare 
parts may be drawn from the 3{-inch supply already on hand. 

In a foundry where patterns may range in area from 1 square — 
inch up to several square feet, standardization of equipment is 
very important. If a special flask were used for each size of 
pattern, there would be no end of storage difficulties, delays, and 
time spent in flask handling, to say nothing of the amount of 
money that would have to be invested to provide enough of 
each different size of flask to have on hand when needed; rather 
should flasks of certain standard sizes be provided to be used with 
patterns between certain ranges, thus greatly lessening the diffi- 
culties mentioned above. 

Where electric trucks are used for material handling, it will be 
profitable to adopt one good make of truck as standard. Then 
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any driver will be able to operate any truck, and the repair men 
will be able to do their work more effectively, since they will be 
thoroughly familiar with the construction of the trucks. Charg- 
ing equipment and battery units may then be standardized and 
the stock of repair parts kept may be small. 

Relation of Standardization to Time Study.—Just as the 
workman becomes an expert in his work by constantly doing 
similar operations on the same materials, so will the time-study 
man become expert in his work by studying work under stand- 
ardized conditions. He will know at once whether the best 
method of procedure is being followed on a new job, because he 
has previously determined the best method when studying another 
similar job. He will be better able to judge the effort and the 
skill of an operator by knowing what effort or what skill this 
operator or other operators should show when doing this class 
of work. Any man, when seeing an operation performed for the 
first time, will compare what is being done to what he could do 
himself, and if the job requires manual dexterity, he is likely to 
consider even the poorer operators as skilled. When he has 
had move experience and has seen really skilled operators work, 
he is able to judge more exactly what an operator is capable of 
doing. In this way, his judgment will improve with constant 
work along similar lines, and he will be able to make more intelli- 
gent analyses, determine skill and effort more exactly, and arrive 
at more consistent time allowances. 

The time-study man will be able to play no small part in 
bringing about and maintaining standard conditions. He is 
directly responsible for standard methods of procedure. He is 
able, indirectly, through suggestions which his knowledge of 
minute details of the work and his analytical point of view enable 
him to make, to standardize design, equipment, tools, materials. 
and the like. 


CHAPTER VII 
TIME-STUDY EQUIPMENT 


The success of time-study work depends mostly upon the 
ability of the time-study man, rather than upon the tools that he 
uses, for the equipment requirements for making good time studies 
are simple andfew. Yet he must have those few things and know 
how to use them properly in order to do satisfactory work. The 
principal items of equipment are: 

A time-study watch. 

A speed indicator. 

Time-study forms. 

A pencil. 

An observation board. 

* A slide rule. 

The Time-study Watch.—The watch is, of course, the most 
important item of time-study equipment. Various kinds of 
watches from the ordinary timepiece to very complex stop watches 
have been used or advocated by time-study authorities. The 
ordinary watch may be read in hours, minutes, and seconds, the 
latter being the shortest units of time that it will indicate. It is 
useful to record the time of day at the beginning and at the end of 
a time study, but the ordinary watch is not a practicable instru- 
ment for detailed observation, primarily because of the difficulty 
in reading it and because the second is not commonly used as a 
unit for the measurement of working time. Authorities, there- 
fore, have generally agreed that some form of stop watch gives 
more satisfactory results. Three common types of stop watches 
are: 

The split-second stop watch. 

The minute-decimal stop watch. 

The hour-decimal stop watch. 

The Split-second Stop Watch.—The most widely known type 
of stop watch (see Fig. 3) is the one which is ordinarily used by 
timekeepers of athletic events, particularly running. The cir- 
cumference of the dial is graduated into 60 divisions each of 
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which represents 1 second. Every fifth graduation is numbered 
to facilitate reading. Each space representing 1 second is in 
turn divided into fifths which makes it possible to read accurately 
to fifths of a second. The watch is started, stopped, and the 
hand returned to zero by pressing the stem. This type of watch 
is very well adapted to the kind of work for which it was designed, 
the accurate timing of one particular operation such as a 100- 
yard dash. During the preparations previous to the starting 
gun, the hand is held motionless at zero, and the watch is not 
running. At the sight of the flash from the starter’s pistol, 
the timekeeper presses the stem of the watch, thus setting it in 


Fig. 3.—Split-second stop watch. 


operation. When the runner touches the tape, the stem of the 
watch is again pressed stopping the hand instantly and holding 
it where it is until the watch can be read accurately at leisure. 
The hand can then be returned to zero by again pressing the 
stem. 

In time-study work, however, one elemental operation follows 
another immediately, and the end of one is at the same time the 
beginning of the next. The time required to stop the watch, 
read it, return the hand to zero, and start it again, although short, 
is sufficient to introduce appreciable errors. These errors can be 
eliminated by using the continuous method of reading the watch, 
but then the closeness of the graduations and the fact that they 
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are fractional make it next to impossible to read the moving hand 
and record the readings accurately for short operations, and 
would require considerable subsequent calculations. 

The Minute-decimal Stop Watch.—The minute-decimal watch 
illustrated in Fig. 4 is more satisfactory than the split-second 
watch. It is similar in that a complete revolution of the hand 
consumes 1 minute. The dial is graduated decimally into 
hundredths rather than sixtieths, which makes it considerably 
easier to read and reduces the amount of calculation necessary to 
translate elapsed time into the commonly used units for express- 
ing time values. 


Fia. 4—Minute-decimal stop watch. 


The Hour-decimal Stop Watch.—The hour-decimal watch, 
illustrated in Fig. 5, has a number of distinct advantages over the 
two kinds just described, and is the type which was used in 
making all the detailed time studies which will be described or 
referred to in this book. Chief among its advantages is that it is 
read directly in hours, the most common unit of time measure- 
ment in industry. The length of a working day is expressed in 
hours; wage rates are expressed as so many cents an hour; pay- 
roll calculations are on the basis of hours worked. It is, there- 
fore, advantageous to have time values recorded directly in hours, 
because of the reduction of the necessary calculations and the 
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elimination of one source of clerical errors. The dial is divided 
into 100 spaces each of which represents 0.0001 hour, thus mak- 
ing one revolution of the hand equivalent to 0.01 hour. Having 
the same number of spaces on the circumference of the dial, this 
watch is no more difficult to read than the minute-decimal watch; 
yet because the hand is running at a faster rate of speed, it tends 
toward more accurate measurement of elapsed times. 

The hour-decimal watch is controlled by the slide A and the 
winding stem B as indicated in Fig. 5. The slide controls the 


Fia. 5.—Hour-decimal stop watch. 


starting and stopping of the watch and makes it possible to stop 
the hand at any point in a revolution and to start it again from 
that position. By pressing the stem B, the hand is returned to 
zero, but it starts immediately upon release of the stem, thereby 
making it unnecessary to press the stem again to start the hand, 
as in the case of the split-second watch. If it is desired to hold the 
hand to zero, this may be done either by holding the stem down or 
by pushing the slide A away from the stem. The position of the 
large hand on the dial indicates accurately to four decimal places 
time in hours, and the small hand indicates hundredths of an 
hour directly on its dial and is controlled in synchronism with 
the large hand by means of the slide and stem. 
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When using a stop watch, there is a tendency to assume that 
as long as it will run, it is keeping accurate time, but this is not 
always true. A man will notice very quickly if his ordinary watch 
is not keeping accurate time, because he compares it frequently 
with the many other timepieces he sees. A stop watch, not being 
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Decimal Decimal d Decimal Decimal 
Seconds minutes hours sll minutes hours 
Nee 

il 0.017 0.00028 31 0.517 0.0086 
2 0.033 0.00056 ay) 0.533 0.0089 
3 0.050 0.0008 33 0.550 0.0092 
4 0.067 0.0011 34 0.567 0.0094 
5 0.083 0.0014 330) 0.583 0.0097 
6 0.100 0.0017 36 0.600 0.0100 
a Oe Lee 0.0019 37 0.617 0.0103 
8 OF183. 0.0022 38 0.633 0.0106 
9 0.150 0.0025 39 0.650 0.0108 
10 0.167 0.0028 40 0.667 0.0111 
ila 0.183 0.0031 41 0.683 0.0114 
12 0.200 0.0033 42 0.700 0.0117 
13 0.217 0.0036 43 Daraley 0.0119 
14 0.233 0.0039 44 0.733 0.0122 
15 0.250 0.0042 45 0.750 0.0125 
16 0.267 0.0044. 46 0.767 0.0128 
17 0.283 0.0047 47 0.783 0.0131 
18 0.300 0.0050 48 0.800 0.0133 
19 0.317 0.0053 49 0.817 0.0136 
20 0.333 0.0056 50 0.833 0.0139 
21 0.350 0.0058 51 0.850 0.0142 
22 0.367 0.0061 52 0.867 0.0144 
23 0.380 0.0064 53 0.883 0.0147 
24 0.400 0.0067 54 0.900 0.0150 
25) 0.417 0.0069 mo) 0.917 0.0153 
26 0.483 0.0072 56 0.933 0.0156 
DA 0.450 0.0075 57 0.950 0.0158 
28 0.467 0.0078 58 0.967 0.0161 
29 0.483 0.0081 59 0.983 0.0164 
30 0.500 0.0083 60 1.00 0.0167 


Fie. 6.—Conversion table showing equivalents of seconds expressed in decimal 
minutes and decimal hours. 


essentially an instrument for telling the time of day, may be 
running too fast or two slow and not be noticed unless it is periodi- 
cally checked with a timepiece of known accuracy. The ordi- 
nary stop watch is not a high-grade mechanism and may require 
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frequent regulation, especially when it is considered that it does 
not ordinarily receive as careful treatment as a good watch. 
When checking the accuracy of a stop watch, the test should not 
be limited to 1 or 2 minutes but should extend over at least a 
half hour. 

Conversion Tables.—For the sake of clearness and uniformity, 
all numerical examples given in this book are expressed in decimal 
hours. If it is desired to convert any time values to either decimal 
minutes or seconds, it may be done readily by reference to the . 
conversion tables shown in Figs. 6 and 7. Accurate conversions 
may be made by means of the following formulas: 


Decimal Decimal Decimal Decimal Decimal Decimal 

minutes hours minutes hours minutes hours 
1 0.0167 8.25 0.1388 32 0.533 
1e25 0.0210 8.50 0.142 33 0.550 
1.50 0.0250 8.75 0.146 34 0.567 
Tests 0.0290 9 0.150 35 0.583 
2 0.0330 9.25 0.154 36 0.600 
2220 0.0380 9.50 0.158 37 0.617 
2.50 0.0420 9.75 0.163 38 0.633 
Ph 0AS) 0.0460 10 0.167 39 0.650 
3 0.0500 ofa 0.183 40 0.667 
Bh 745) 0.0540 12 0.200 41 0.683 
3.50 0.0580 13 0.217 42 0.700 
3515 0.0630 14 0.233 43 0.717 
4 0.0670 15 0.250 44 0.733 
4.25 0.0710 16 0.267 45 0.750 
4.50 0.0750 lg 0.283 46 0.767 
4.75 0.0790 18 0.300 47 0.783 
5 0.0830 19 On 38h7 48 0.800 
1 OAS 0.0880 20 (0) ,.873383 49 0.817 
5.50 0.0926 21 0.350 50 0.833 
SED 0.0960 22 0.367 51 0.850 
6 0.100 23 0.383 52 0.867 
6.25 0.104 24 0.400 53 0.883 
6.50 0.108 25 0.417 54 0.900 
6.75 0.113 26 0.433 $5) 0.917 
if 0.117 Pith 0.450 56 0.933 
oS CO) PAL 28 0.467 57 0.950 
7.50 0.125 29 0.483 58 0.967 
elo 0.129 30 0.500 59 0.983 
8 0.1383 31 0.517 60 1.000 


Fig. 7.—Conversion table showing equivalents of minutes expressed in 
decimal hours. 
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: ‘ 2 decimal minutes 
Decimal hours X 60 = decimal minutes or 60 = 


decimal hours. 
Decimal hours X 360 = seconds or ee = decimal hours. 
Other Devices.—Numerous mechanical and electrical devices 
to aid in reading and recording observations have been invented 
and placed on the market. Where conditions are such that the 
use of a time-study machine is justified, the comparatively high 
initial cost will be saved in a short time because of the greater 
volume of more accurate work that it can do. 
The Speed Indicator.—This item of time-study equipment is 
not required for every time study that is made, but it is very 
useful when studying machining operations where cutting speeds 


Fig. 8.—Speed indicator. 


are an important factor. Even though nearly every modern 
machine tool has attached to it a table showing spindle, tool, or 
table speeds for the various gear and belt combinations, experi- 
ence has shown that these charts should not be relied upon 
entirely, because the purchaser of the machine tool does not always 
install it strictly according to the manufacturer’s recommenda- 
tions. Variation in line-shaft speed or in the diameter of the 
line-shaft pulley will naturally result in actual machine speeds 
that do not conform to those calculated by the manufacturer of 
the machine tool. It is, therefore, advisable actually to measure 
machine speeds when the study is being made. 

There are various styles and designs of revolution and speed 
counters, which will fulfil a time-study man’s requirements. The 
type illustrated with attachments in Fig. 8 has been found 
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entirely satisfactory for ordinary purposes. For determining 
spindle or shaft speeds, it may be used without attachments if 
there is a center hole in the end of the shaft. The reading on 
the dial shows revolutions for the time the counter was held 
against the end of the shaft. It is then a simple matter to calcu- 
late the revolutions per minute. Attachment A is used when 
it is desired to measure surface speeds. It may be used to deter- 
mine speed of translation or of rotation merely by holding the 
small rubber wheel against the moving surface so that the axis 
of the wheel is in a parallel plane with and perpendicular to the 
direction of motion. Since the diameter or circumference of the 
small wheel and the number of revolutions for a measured period 
of time are known, the speed in feet per minute can readily 
be calculated. 

Time-study Form.—The time-study form is an item of time- 
study equipment on which almost nothing has been done toward 
general standardization. Practically every plant and _ time- 
study engineer develops and uses a different form, and although 
no two are exactly alike, there will be found decided similarities 
in some of the essential features. There are a few fundamental 
requirements which the time-study form should fulfil, chief 
among which are: 

Convenience for using and filing. 

Convenient arrangement of ruling. 

Provision for summary of data. 

Provision for full and complete identifying information. 

The size of the time-study form should be such that it is not 
too large and cumbersome to handle while making the observa- 
tions, yet it should not be so small that more than one sheet 
is required for a short simple study. The regulation 83- by 
11-inch letterhead size has been found to be satisfactory, chiefly 
on account of the convenience for filing. 

The ruling should be so arranged as to permit an economical 
use of paper and the recording of a maximum number of observa- 
tions on one sheet. The form should be designed to facilitate 
the recording of observations in natural sequence. Whether 
the successive watch readings shall be recorded in horizontal lines 
or in vertical columns is largely an arbitrary matter, and there 

-is little to choose between the two methods provided the form 
is of good design otherwise. The design of the form will be 
influenced to a considerable extent by the method to be employed 
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in reading the watch. The two principal methods of reading 
the watch will be discussed in the next chapter, so it will suffice 
to say here that the continuous method requires practically 
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Fig. 9.—Face of time study form. 
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twice the space for recording observations as is required when 
using the snap-back method. In the first case, a space must be 
provided for the continuous watch reading for each detailed 
element as well as a space for the elapsed time for each element. 
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In the second case, only the space for elapsed time is required, 


because the elapsed time is read directly for each element. 
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Provision should be made on the observation sheet for sum- 
marizing the data in an orderly form so that the calculation of 


proper time values will be simplified. 


The time-study sheet should provide adequately for the record- 
ing of all identifying information and facts pertinent to the job 


Fic. 10.—Back of time study form. 


56 TIME AND MOTION STUDY 


studied. It should plainly indicate what information is neces- 
sary so that there will be no excuse for omitting essential facts 
and identifying numbers or descriptions. Sketchesaid materially 
in visualizing the job, and a definite space should be allotted 
on the time-study form for this purpose. 

The time-study form which is illustrated in Figs. 9 and 10 is 
the outgrowth of a number of years of development and is recom- 
mended by the authors for general time-study work. It will 
be seen that this is the horizontal style of form providing 
for the detailed elements to be listed across the top of the 
sheet and for the successive observations to be recorded in 
horizontal lines. 

Figure 26 shows how the model time study would appear on 
a form of the vertical-column type. The same data as shown 
in Fig. 25 have been reproduced except that the fourteenth 
observation as shown in Fig. 25 has been omitted from Fig. 26. 
This causes slight changes in some of the numerical values in 
the various stages of the calculations but does not affect the 
ultimate results. 

The form illustrated by Figs. 9 and 10 was also designed for 
the continuous method of reading the watch, although the snap- 
back method can be used if desired. The oblique spaces along 
the top of the sheet provide for descriptions of the elements, and 
the first line immediately below is for numerical symbols which 
are convenient reference identifications. “Each column as marked 
by the heavier ruling is subdivided into two narrower ones. The 
one on the right headed FR is for the watch reading, and the 
other headed T' is for the elapsed time. Thus, when making 
subtractions later, the elapsed-time figure falls conveniently 
and naturally between the two watch readings which determine it. 

The Pencil.—Little need be said regarding this item of a time- 
study man’s equipment except that, for the sake of neatness, 
the pencil should be kept sharply pointed and should be of 
sufficient hardness, say 3H or 4H, to prevent smearing or oblitera- 
tion, because a time study is sometimes subjected to consider- 
able handling and reference. As an aid toward keeping the 
point of the pencil in good condition, a small .piece of emery 
cloth or sandpaper may be fastened on the observation board. 
A few strokes over this abrasive when time permits during the 
study will keep the pencil point well sharpened. The pencil 
should also carry an eraser. 
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The Observation Board.—The time-study man is generally 
obliged to stand up and often to move about while making his 
observations. When it is remembered further that he must con- 
centrate his attention simultaneously upon the movements of 
the operator and the hand of his watch while holding his time- 
study forms and his watch in one hand and busily writing down 
the watch reading with the other hand, it will be appreciated 
that some device for holding firmly the watch and the forms will 
be of considerable assistance. A thin light board similar in design 
to the one illustrated in Fig. 11 has been found to be quite satis- 


Fig, 11.—Time study observation board. 


factory for this purpose. A device for holding the watch is 
attached to the top of the board, and a strong spring clip for 
holding the time-study sheets is placed in the upper right-hand 
corner. By standing in the proper position the time-study man 
can bring directly into his field of vision the three things demand- 
ing his attention, namely, the operator, the watch, and the time- 
study sheet. Since the sheets are held by one corner only, they 
may be be readily leafed over and allowed to hang over the edge 
of the board when more than one sheet is required for the study. 
The photograph in Fig. 12 illustrates the proper method of hold- 
ing the board, 
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The Slide Rule.—The slide rule is, of course, not indispensable, 
but a time-study man will find it a very useful time-saving tool 
in computing time allowances, adding percentage allowances, and 


Fic. 12.—Manner of holding the observation board while taking a time study. 


in constructing and applying formulas. Space will-not be taken 
here to describe the principles and applications of the slide rule, 
but its use is strongly recommended. 


CHAPTER VIII 
OBSERVATIONS 


Broadly speaking, observations include the securing and record- 
ing of all data and facts necessary to the computation of the time 
value, but this chapter will be confined to a discussion of only 
those observations which are made, and can be made at the time 
and place of performance. They include breaking the job up 
into its elements and listing them in their proper sequence, 
reading the watch and recording the readings, and making a 
memorandum of the skill and of the effort displayed by the 
operator. 

Position of the Observer.—The time-study man should stand 
in a position such that the hands of the operator are visible and so 
that the watch attached to the top of his board will come into this 
same line of vision. If conditions permit, the time-study man 
should stand a few feet away and in back of the operator so that 
he will not interfere with the operator or distract his attention. 
It may be necessary to move about occasionally for certain kinds 
of work. He should hold the time-study board firmly with his 
left hand and arm and in a position that will be comfortable and 
natural for writing. Figure 13 illustrates the proper position in 

which the observer should stand with respect to the operator. 

' The time-study man should stand up while making observa- 
tions. This creates a favorable psychological effect upon most 
workers, especially upon those who are not accustomed to work- 
ing under observation. There is a natural resentment on the 
part of most operators for a time-study man who settles himself 
comfortably in a sitting position to watch them work and to 
make a record of their performance. The confidence and 
respect of the working force is so difficult to secure at the outset 
when introducing time-study work that they should never be 
jeopardized by apparent laziness on the part of the time-study 
man. Furthermore, it is a recognized fact that a person is more 
alert when standing than when sitting. Time-study work 
demands alertness and concentration to a maximum degree, and 
59 
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this should be sufficient reason for standing while making 
observations. 

Motion Study or Breaking Job into Elements.—All physical 
activity, regardless of the magnitude of the ultimate accomplish- 
ment, consists of a series of comparatively short and, in them- 
selves, simple motions. This is true whether one is considering 
a laborer unloading coal or a skilled mechanic assembling an 


Fie. 13.—Position of the observer while taking time study, 


aeroplane motor. Both operations may be subjected to the 
same close analysis with the result that the first will resolve itself 
into but two or three elemental motions while the second becomes 
hundreds or even thousands of distinct and different motions. 
It is conceivable that considerable variation in the methods of 
dividing jobs into their elements can exist. No fixed rule can be 
established practically which will define exactly to what extent 
jobs should be divided. Different jobs and different classes of 
work will demand different treatment. Even time-study men 
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will differ in opinions, especially when the point in question is 
one which calls for a more or less arbitrary decision. There are, 
however, a few general principles which should always be kept in 
mind. 

The first and chief one of these principles is that the basic 
fundamental of time study is the studying of a job by studying its 
elements, and the shorter these individual elements are the 
better they lend themselves to close study. A job, therefore, 
should be divided as minutely as is consistent with accuracy in 
taking the observations. The advantages of further subdivision 
_ are more than offset by the disadvantages of inaccurate readings. 
For instance, it is humanly impossible to observe and record 
accurately the watch readings for a dozen successive elements 
each of which is no longer in duration than 0.0002 hour or con- 
suming a total elapsed time of 0.0024 hour, whereas three or 
four elements occurring in that same 0.0024 hour would be com- 
paratively simple to handle with accurate results. This does 
not mean, however, that elements of but 0.0002 hour’s duration 
should always be combined with others to make longer ones. 
One or even two very short elements, if they fall between com- 
paratively long ones, are not difficult to observe and record, for 
the readings can be remembered and recorded during the next 
element of greater length. 

Another point which should be considered when dividing a job 
into its elements is that there are two main classes of elements, 
constants and variables. A full discussion of these two classes of 
elements will be presented in a later part of this book under the 
general subject of formula construction, so it will be sufficient to 
say here that a constant is an element which should require no 
more time when it is a part of one job than when it is a part of 
another job performed under the same working conditions and 
when the same equipment is used. Conversely, a variable is an 
element the length of which will be, or may be, different when it 
occurs in different jobs, as influenced by the characteristics of the 
individual jobs, such as weight, size, length, and shape. The 
point to be borne in mind in connection with constants and vari- 
ables is that they should be kept separated. If it is necessary 
to combine short elements, the combinations should be limited to 
constants, if at all possible. 

The steps taken in making a complete time study will be 
illustrated by a series of figures (Figs.,14, 19, 20, 24, 25, and 28) 
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showing a model time study at various stages of completion. 
Figure 14 shows how a time study on facing, pointing, turning, 
and threading a copper stud will appear at the completion of the 
motion study. 
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When arranging the sequence of elements on the time-study 
form, it is desirable to keep the study on one sheet if feasible, 
on account of the possibility of two or more sheets becoming 
separated, resulting in the loss of part of the data. Another 


Fig. 14.—Model time study showing motion study completed. 
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advantage is that there are no pages to be turned during the 
observations. 

The time-study form illustrated in Figs. 9 and 10 was described 
as being of the horizontal-line type, the sequence of elements to 
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be listed along the top of the sheet and successive readings to be 
recorded in horizontal lines. It does not follow, however, that 
‘only one line can be devoted to each piece studied. When the 
operation consists of a large number of entirely different ele- 


Fig. 15.—See page 66. 
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ments, there is no alternative but to list them, one to each diago- 
nal space at the top of the sheet, and using as many sheets as are 
necessary to provide for one complete cycle. Many times, 
however, one or more elements or series of elements are repeated 
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a number of times in every cycle or on every piece. It is fre- 
quently advantageous, in such cases, to record these particular 
elements vertically, until the last performance of the repeated 


Fig. 16.—See page 67. 


OBSERVATIONS 65 


elements. The elements to follow should then be contained 
horizontally on the same line as the last recorded reading for the 
repeated element. Figures 15 to 18 inclusive show different 
typical arrangements of the sequence of elements and the observa- 
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tions on the time-study form. These examples do not represent, 
by any means, all of the different possible arrangements but are 
merely suggestive of what can be done toward recording the ‘ 
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observations in a condensed form. Figures 15 to 18 inclusive 
do not show actual watch readings but only the sequence of 
recording them, the cycle of numbers being repeated as many 
times as there were pieces observed. 
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Figure 15 illustrates the normal arrangement, showing a short 
operation of 15 elements. Even though some elements may 
occur more than once on each piece, it is not necessary to record 
them vertically, because there is ample room for the full number 


Fig. 18.—Recorded observations of an actual time study showing application of principles illustrated in 


Figs. 15, 16 and 17. 
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of elements on each horizontal line. If, however, there had been 
24 elements in the cycle, as in the case illustrated in Fig. 16, it 
would have been impossible to keep the study on one sheet 
without recording the repeated elements 5, 6, and 7 vertically. 
Having repeated elements recorded vertically also facilitates 
making the summary at the bottom of the sheet. 

If it is desired to observe more than 20 pieces for a very short 
operation, an arrangement similar to that shown in Fig. 17 is 
convenient. The example shows how the observations for an 
operation of seven elements covering 36 pieces can be confined 
to one sheet. 

Figure 18 shows the recorded observations of an actual study 
in which the principles described above were followed. This 
example combines features illustrated in both Figs. 16 and 17. 
The observations of element 2 which was repeated seven times 
are recorded vertically as were also the group consisting of 
elements 4, 5, and 6 which was repeated, in the order given, 
eight times. After the pair of elements 8 and 9 were repeated 
seven times, bringing the observations to the last line on the 
sheet, there were still a number of unused vertical columns, 
so the observer skipped one column and returned to the 
top of the sheet in accordance with the principle illustrated in 
Fig. 17. It will be readily seen that this study which has been 
kept on one sheet would have required no less than four sheets 
to have recorded horizontally the 50 observations shown, as 
there are but 15 vertical columns to a sheet. The method which 
was used in the example given not only makes the observations 
much easier and confines the entire study to one sheet but it 
also greatly simplifies the summary and computations. 

A good time-study man will exercise his ingenuity in arrang- 
ing the sequence of elements to the best advantage and in accord- 
ance with the demands of the particular job at hand. He will, 
with practice, be able to visualize how the time-study sheet will 
appear when the observations are finally recorded and will be 
influenced accordingly in listing the elements. 

The limited space provided on the form for describing the 
elements calls for a familiarity with the work and for a nice choice 
of words on the part of the time-study man. Each element 
must be clearly defined, which means using words and terms 
which are exactly descriptive and which will preclude the possi- 
bility of ambiguity and confusion with another element which 
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is only slightly different. The importance of this point might 
seem to justify revising the form to provide more space, but the 
form herein recommended has been used satisfactorily by expert 
time-study men, and the advantages to be gained by revising 
this particular feature would be more than offset by the disad- 
vantages of less space for other features. A number of examples 
of poorly defined elements are listed below with better descrip- 
tions opposite. 


Poor Descriptions Better Descriptions 
Pick up part.............. Pick up small part from table 
Get drill Se errr rc chases Get ;-inch drill from tool room 
IBacktotl, ca lomene mittee Back off table 3 inches 
HD Fes estes oestriol oe rg Ream two mounting holes with file 
Drillisholewsasigeeeatn eee Drill hole + inch in diameter by ? inch deep 
Geti wrench ieses 4st Get S wrench from drawer 
Mapetleads: myevs -cosecriehac tie Tape two leads 3 inches 
Go topdrilll presses. Walk seven paces to drill press 
Mourns Sune tae renee ae Turn turret, two positions 


Reading the Watch.—Accuracy in reading the watch is 
developed from practice. A novice will undoubtedly find it 
difficult to read the watch and record the readings correctly, 
especially for an operation of many short elements. Unless he 
has been particularly instructed on the point, he will probably 
shift his gaze back and forth between watch, operator, and time- 
study sheet. To look from the watch 'to the sheet and vice versa 
is not difficult, because both objects are about the same distance 
from the eye. When looking from the watch to the operator 
and back again, it will be found more difficult because of the 
momentary confusion while refocusing the eyes for the difference 
in distance. This tiresome eyestrain and tendency toward 
uncertainty can be greatly relieved by avoiding the actual shifting 
of the gaze between watch and operator; rather should the eyes 
be kept directed on the watch. The movements of the operator 
and terminations of the elements should be observed without 
actually looking away from the watch. If the observer stands in 
a proper position and holds his watch so that it comes almost in 
a direct line from his eye to the operator, it is not necessary 
for him to take his eyes off the face of the watch in order to see 
every move made by the worker. -The termination of elements 
is also frequently marked by distinctive sounds, such as laying 
down a tool, the click of a latch, and the change in sound when a 
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drill breaks through the under side of a metal part or when a 
cutting tool ceases to cut metal upon arriving at the end of the 
cut. These can be noted instantly by one who is familiar with 
the work. : 

The watch should always be read at the termination of the 
element. This is generally marked by a sound, as referred to 
above, or by a reversal of direction or some other decided change 
in the motions of the operator. Occasionally it is difficult to 
find a natural division point between two elements, and the 
time-study man must be unusually careful to take his reading at 
the same point each time. 

Snap-back Method.—One of the two principal ways of reading 
the watch is called the snap-back method, which means that the 
hand of the watch is snapped back to zero at the end of each 
element. Its most important advantage is that the elapsed time 
for each element is read directly, which facilitates the recording of 
readings for operations which were performed out of the pre- 
determined sequence and reduces the subsequent clerical work. 
In using this method, however, there are numerous disadvantages 
which seemingly outweigh the advantages. There are elements 
of inaccuracy introduced, such as the time required to snap back 
the hand and the danger of snapping it back too early or too late. 

At the end of an element, the exact position of the hand can be 
fixed with the eye, but it takes a brief, but nevertheless appreciable, 
instant for the mind temporarily to record the reading so that it 
may be permanently recorded on the sheet with a feeling of 
certainty as to its accuracy. During this brief instant, the hand 
is moving on and the snapping back cannot then coincide exactly 
with the recorded reading. Anxious to avoid this slight error, 
the observer may snap back the hand too soon, before the reading 
has been fixed in his mind with certainty. Then he is not sure 
that what he records is absolutely correct. 

The snap-back method makes the work of the time-study man 
more difficult because it gives him more tothink about. Hemust 
synchronize perfectly three different things at the termination 
of every element, namely, the observing of the motions of the 
operator as the exact point which separates each element from the 
one to follow, the making of a mental note of the position of 
the hand on the dial of the watch, and the snapping back of the 
hand. At best, the observations require the utmost alertness and 
concentration on the part of the time-study man. The use of 
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the snap-back method, instead of the continuous method, makes 
still greater demands upon his attention, which will naturally 
affect the accuracy of his work. 

Continuous Method.—As an alternative to the snap-back 
method there is the method wherein the watch is allowed to run 
continuously from the beginning of the observations to the end. 
The position of the hand at the termination of each element is 
mentally noted and recorded, but this reading does not indicate 
elapsed time for the element. Elapsed time is secured by 
subtracting successive readings, which is done after the observa- 
tions have been completed. When using the continuous method 
of reading the watch, the observer does not interest himself, for 
the time being, in elapsed times. His sole object is to record 
accurately the watch readings for each element, since he knows 
that elapsed times can be determined later by subtraction. It is 
a distinct advantage for him not to have continually before him 
the elapsed times for previous occurrences, as in the snap-back 
method, for then there is no tendency for him to be influenced 
to try to keep his readings consistent, but he will record what 
actually happens whether the results later prove to be consistent 
or not. This is, of course, what is desired—an accurate and 
complete record of what happened. 

The additional clerical work which this method entails may be 
held to be a disadvantage, but it will be realized that this part of 
the work can be delegated to a comparatively low-salaried clerk 
and the slightly increased cost justified by the greater accuracy 
made possible at the time of the observations. The fact that the 
watch readings are recorded continuously facilitates checking 
back over the study for errors. Every moment of time from the 
beginning of the study to its end is accounted for. This is of. 
considerable advantage in case the time value, which is finally 
established, is questioned by the workman or anyone else inter- 
ested. It is possible to point out how the operator employed his 
time, even including the extent and nature of the delays and 
unnecessary work. 

Unusual circumstances frequently arise while the observations 
are being made, and the continuous method is found to be better 
adapted to handling them than is the snap-back method. On 
long elements that extend over several revolutions of the hand, 
it is necessary to read not only the large hand but also the small 
one. Under the continuous method, the attention can be wholly 
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centered upon the large hand and its reading accurately fixed in 
the mind before attempting to read the smaller one, which can be 
done more leisurely. The snap-back method requires that both 
hands be read simultaneously with the snapping back, because the 
small hand as well as the large one goes back to zero when the 
stem of the watch is pressed. Also, when a foreign element 
occurs, interrupting a regular element, the snap-back method 
requires one or two undesirable alternatives. The watch may be 
stopped and the hand held in its last position until the regular 
element is resumed, which means that no record is made of the 
foreign element, or the watch must be snapped back three times 
during that element, once at the beginning of the interruption, 
again at the end, and lastly at the end of the regular element. 

The continuous method furnishes a ready indication for the 
time-study man as to whether his stop watch is accurate from a 
time-keeping standpoint. It is only necessary to compare the 
final reading with the overall time as determined by his other 
watch. 

Recording Watch Readings.—The hour-decimal watch is read 
in ten-thousandths of an hour, or to four decimal places. Itis 
not necessary, however, to record all four figures for every 
element, except when the elements are long enough to extend 
over one or more complete revolutions of the hand or at the 
termination of an element during which the hand passed zero. 
The time for actually writing down the figures is thus reduced to 
aminimum. The way to record readings can best be illustrated 
by assuming a series of elements and listing opposite them the 
full watch readings and these same readings as they would 
actually be recorded, as shown on the following page. 

In only three cases in the foregoing example was it necessary 
to record more than two figures (elements 6, 9, and 16). During 
element 6 the hand completed its first full revolution in passing 
from 0.0098 to 0.0123. As it passed zero, the small hand reached 
the first graduation on the small dial indicating 0.0100 hour. 
The reading on the small hand néed not be recorded again until 
another full revolution of the large hand is completed, as it is 
understood that all intermediate readings are preceded by 0.01 
even though it is not shown. 

During element 9 the hand passed through zero twice while 
going from 0.0184 to 0.0313, the elapsed time being 0.0129. 
Element 16 was the longest of all, extending from 0.0397 to 
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0.1013. It covered an elapsed time of 0.0616 and was the first 
case where it was necessary to record four figures. 


Element OUI h cE Recorded reading 
hours 
1 0.0012 12 
2 0.0020 20 
3 0.0056 56 
4 0.0071 i 
5 0.0098 98 
6 0.0123 123 
if 0.0162 62 
8 0.0184 84 
9 0.0313 313 
10 0.0821 21 
11 0.0330 30 
12 0.0342 42 
13 0.0361 61 
14 0.0382 82 
15 0.0397 97 
16 0.1013 1013 
17 0.1017 17 
18 0.10238 23 
19 0.1040 40 
20 0.1043 43 
21 0.1054 54 


Variations in Sequence.—After the sequence of elements has 
been established according to the best arrangement, the time- 
study man should insist upon this sequence being followed, 
because any departure from the regular order interferes with the 
recording of the readings and complicates the study in general. 
Sometimes, however, variations from the regular sequence are 
legitimate, and when they occur, the time-study man must be 
prepared to handle them properly without becoming confused. 
Variations may be divided into four general classes: 

Elements performed out of regular order. 

Elements missed by the obsérver. 

Elements omitted by the operator. 

Foreign elements. 

Elements Performed Out of Order.—Frequently there are 
combinations of elements in an operation that can be performed 
equally well in the reverse order from that which has been arbi- 
trarily decided upon, and the operator may thoughtlessly or 
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and enter the reading at the end of the element above the line. 
This must be done for each element which is done out of order 
and for the first operation after the regular sequence is resumed. 
Element 11, line 3, in Fig. 19, was performed out of order, having 
followed element 10 instead of the third repetition of element 5, 
which would have been theregularorder. Thereading for element 
10 was repeated below the line in the space for element 11, and the 
normal reading for element 11 was placed above the line. This 
reading which also marks the beginning of element 5 was placed 
similarly below the line in element 5 space, and so on. The 
reading for element 12, the first after resuming the regular 
sequence, also indicates the beginning of element 1 on the next 
piece, at which point the normal procedure is again followed. 

Element Omitted by Operator.—This should not occur often, 
and when it does happen, it probably means that the element was 
not necessary on that particular piece. If, however, the element 
is omitted on a large number of pieces, the indications are that 
it was not necessary at all and should not have been included as a 
regular element in the first place. It is taken care of by merely 
drawing a horizontal line all the way across the column in the 
space where the reading would have gone, without recording any 
readings, but going on to the next element as if it had been per- 
formed. Element 9, on lines 15, 17, 18, 20, 1, 2, and 4 in Fig. 18 
was a case of this kind. a 

Element Missed by Observer.—Thé time-study man should 
not miss or fail to record any watch readings, but sometimes his 
attention is momentarily distracted from his work or he relaxes 
his concentration, and before he realizes it, an element is com- 
pleted, and the time for observing the watch reading has passed. 

In a case of this kind, he should not attempt to guess at the 
reading and record his guess, but he should honestly indicate it 
as a missed reading. The common symbol for this is an M placed 
in the space where the reading should have gone, as illustrated 
on line 5 under elements 4, 5, and 6 and in line 14 under elements 
9 and 15 in Fig. 19. 

Foreign Elements.—It is impossible to anticipate the inter- 
ruptions and delays which will inevitably occur now and then 
in the course of a time study. Anything of this kind for which 
no provision was made at the time the sequence of elements was 
determined is known as a foreign element. It will be noted that 
the time-study sheet provides for foreign elements, space having 
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been set aside at the right-hand side of the sheet for this purpose. 
Sometimes these foreign elements are necessary to the job, and 
sometimes they are not. An example of a legitimate case would 
be when, during the time study, the operator found it neces- 
sary to replenish his supply of, and perhaps specially to prepare, 
some particular material necessary to the job. As in the case 
of omitted elements, necessary foreign elements should not 
occur frequently, for when a job is thoroughly analyzed and the 
sequence of elements determined, very few, if any, of those neces- 
sary will have been overlooked. Foreign elements also include 
such departures from the regular sequence as personal require- 
ments, breaking a tool, a slight injury, and unnecessary work. 
Whether necessary or not, the irregularity must be recorded, 
and the method of recording it depends upon the way it occurs, of 
which there are two possibilities. It can happen while a regular 
element is in progress, thus postponing the completion of that 
element, or it can happen at the end of one element and before 
the beginning of the next. 

When the time-study man realizes, at the completion of a 
regular element, that the operator is not performing the next 
element in the sequence, he will recognize readily whether or not 
it is a foreign element. If it is, he will indicate the chronological 
position by placing a symbol after the reading for the regular 
element just completed. 

It has been found convenient to use as symbols letters of the 
alphabet placed in the upper part of the space for elapsed time. 
The foreign elements should be lettered in the order of their 
occurrence to correspond with the foreign-element symbols 
printed at the right-hand side of the time-study sheet. The 
readings at the beginning and at the end of the foreign element 
will be recorded below and above the horizontal line which divides 
the space for recording foreign-element readings. The reading 
below the line will be the same as the reading for the last com- 
pleted regular element. While the foreign element is in prog- 
ress, there is generally sufficient time to make a note of what the 
operator is doing. If the space provided for the description of 
the foreign element is not adequate, as many additional spaces 
as are necessary may be used and the symbols for the spaces 
canceled. The symbol for the next foreign element will be the 
one following the last canceled symbol. In Fig. 19, foreign 
elements B and C, which were performed between regular ele- 
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ments, are recorded in this manner. Foreign element B was 
performed between regular element 11 on the eleventh piece and 
regular element 1 on the twelfth piece as indicated by the B 
recorded in the first column on line 12. Foreign element C was 
performed between regular elements 10 and 11 on the twelfth 
piece as indicated by the C in the last column on line 12. 

When the foreign element occurs during a regular element, the 

point at which it occurs is indicated in the same way as described 
above by placing a reference symbol after the reading for the 
last completed element to correspond with the next available 
foreign-element symbol. The same procedure is followed as was 
just described, except that the reading below the line will not be 
the same as the reading for the last completed regular element but 
will be taken at the point where the regular element was inter- 
rupted. The reading at the end of the foreign element will be 
recorded above the line. The regular element which was inter- 
rupted is again resumed, and the reading at its termination is 
recorded in its proper space. In Fig. 19 on line 14 will be found 
an example of a foreign element occurring during a regular ele- 
ment. The operator completed element 1 and started on element 
2, then interrupted himself, before completing. element 2, to 
perform foreign element D, which he completed at 0.1123 as 
shown at the right-hand side of sheet before resuming element 2, 
which was finally completed at 0.1137 as recorded in the proper 
place. : 

Number of Observations.—The number of pieces to be studied 
is a matter which cannot be definitely fixed and which must be left 
largely to the judgment of the observer. This number will be 
influenced by the length of time required to do one piece and by 
the number of repetitive elements in each cycle. For instance, 
an operation of 100 or more elements of which a large percentage 
are repetitive need not be observed as many times as one of 
fewer non-repetitive elements. The time-study man should 
aim to make his study long enough to be representative of normal 
conditions. The greater the number of observations he has on 
each element, the more intelligently and accurately can he detect 
inconsistencies and determine the normal performance time. 
Beyond a certain point, however, the law of diminishing returns 
begins to operate, and the advantages do not increase in the same 
proportion as the time and effort expended in securing additional 
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readings. Generally speaking, 15 or 20 observations are suffi- 
cient on operations of several minutes’ duration. 

Rating Skill and Effort—The time-study man should note 
his rating of the skill and effort of the operator in the space 
provided on the front of the sheet. He should do this before 
leaving the scene of the work, while the performance of the 
operator is still fresh in his mind. At this point, the judgment of 
the time-study man must be at its best, for the calculations to 
determine standard time will be based upon these ratings. Once 
these human factors are determined, almost all of the remainder 
of the work is mathematical. Although these decisions call for 
keen judgment on the part of the time-study man, it need not be 
unguided judgment. Two later chapters are devoted to the 
discussion of skill and effort, and they describe fully the charac- 
teristics which determine the different ratings. A careful study 
of these descriptions will enable the time-study man accurately 
to classify the skill and effort of the operator. 

Summary of Procedure.—For the benefit of the reader and 
especially of the student reader, there is presented below a brief 
summary of the different steps in making observations listed, in 
the order in which they should be considered. 


1. Arrange and prepare time-study equipment. 

2. Stand in a proper position with respect to the operator. 

3. Divide the job into its elements and arrange them advantageously on 
the sheet: 

a. Make elements as short as possible without interfering with accurate 
observations. 

b. Describe elements exactly. 

c. Assign numbers to the elements in the order of their first occurrence 
as 1, 2, 3,4, etc. If an element is repeated after its first occurrence 
use the same number that was first used. 

4, At the beginning of the first element to be included in the study, start 
the hour-decimal watch and read the time of day on the ordinary watch. 

5. Record the time of day in the space Study Started in the lower right- 
hand corner of the sheet. 

6. Record the hour-decimal watch readings: 

a. At the completion of element 1, record the watch reading on the first 
line in column 1 under the letter FR, the reading at the end of the 
element 2 in column 2 under R, and so on. 

b. Record only the necessary significant figures. 

c. Allow the watch to run continuously. 

d. At the completion of the first piece, allow the watch to run and 
return to column 1, following the same procedure for the second 
piece as for the first. 
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e. Record variations of sequence when the occasion arises and in 
accordance with the methods previously described in this chapter. 

7. Study a sufficient number of pieces to insure a set of data which is 
representative of the work. 

8. At the completion of the last element to be included in the study, 
record the time of day as indicated on the ordinary watch in the space 
Study Finished in the lower right-hand corner of the sheet. 

9. Make a note of effort and skill on the front of the sheet by checking the 
term that applies. 

10. Sign and date the time study. 


CHAPTER IX 
INFORMATION 


The application of a good time study is by no means limited 
to the particular job of which it is a record. Although it is 
justifiable, in most cases, to make a time study solely for the 
purpose of establishing a time value on that particular job, it 
may be found later that the time study is of even greater value 
for reference purposes or for formula construction. If a number 
of time studies covering a certain class of work have been made, 
it is often possible to establish the time value on a new job wholly 
by means of reference to these time studies. Parts of the new 
job will be found to be repetitions of parts of other jobs previ- 
ously studied. The time values for certain of these elements 
can be taken from one study and those for other elements from 
another study. When time values have been found for all the 
elements of the new job, the sum may be used as the time value 
for the job. When a sufficient number of time studies on the 
same class of work have been made, a formula may be constructed 
which places all such valuable reference data at the disposal 
of the time-study man in the condensed form of charts, curves, 
tables, and algebraic expressions. Part II of this book is devoted 
to a full treatment of formulas, but it will not be amiss to say 
here that the value of a time study for reference or formula 
purposes depends almost wholly upon the accuracy and complete- 
ness of the information which identifies and describes the job. 
A large number of detail time values are, in themselves, of little or 
no value unless the job to which they apply and the conditions 
under which the work was done are definitely known. This is 
possible only when the time-study man has been extremely care- 
ful to record all available, necessary, and relevant information 
at the time or immediately after the study was made. He should 
not regard his study as completed until this has been done. 

After the observations have been made accurately and care- 
fully, nothing should be done that will detract from the reference 
value of the time study, nor should anything be neglected that 
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surrounding and 


reconstructed by someone other than the man who made the 


time study. Figure 20 shows the information recorded on the 


model time study at the time of observation. 
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Operation.—The name of the operation should be short and 
descriptive. It should be common shop usage and not a duplica- 
tion of the name of any other operation on the same piece or 
part. Frequently one word will suffice, such as ‘“‘turn,’’ “bore,” 
“layout,” “assemble,” “file,” “mold,” “saw,” and “press.” 
Sometimes, however, it is desirable to use a qualifying word as 
in “rough turn” or “finish turn,” when the general term applies 
equally well to two or more operations on the same piece. Some- 
times several general terms are necessary, as ‘turn, bore, and 
face” for a turret-lathe or boring-mill operation which is com- 
pleted during one set-up. Some plants use the system of identi- 
fying operations by numbers, in which case, of course, the 
operation number should be recorded. 

Location and Operator.—The information should show spe- 
cifically where and by whom the operation was performed. Spaces 
are provided for the department and for the operator. A record 
should be made of the name and the check number of the operator 
and whether a man or a woman. This latter point sometimes 
affects the matter of allowances. ' 

Part.—The part or piece of apparatus upon which the work 
is being done should be exactly described and identified. It is 
not sufficient merely to name the part, as “‘cover,” ‘‘shaft,” 
“bearing,” or ‘housing,’ but in addition, there must be given 
a description of the apparatus for which the part is being 
made, as ‘‘cover for No. 3 gear box,” ‘crankshaft for 
Type RS-7 engine,” or “rear-wheel bearing for 1000-pound 
truck.”” The name of the part should always correspond with 
the name which appears in the bill of material on the assembly 
drawing or on other manufacturing data. In all well-organized 
plants, parts are identified by number, as ‘drawing number,” 
“pattern number,” ‘‘specification number,” ‘style number,” 
or ‘‘mold number.” All such numbers are, of course, most 
important, and as many of them as are available should always 
be noted. Nothing is more definite as the means of identification 
than a number, and it will be noted that the time-study form 
provides adequately for them. 

A sketch of the part should always be drawn in the space 
provided. It is not necessary that it be drawn to scale or that it 
be accurately proportioned like an engineering drawing. A free- 
hand sketch is quite sufficient, but it should be drawn in ink and 
important dimensions should be shown. ‘The light cross-section 
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lines will aid in making the different parts of the sketch propor- 
tional. The copper stud on which the machining time study 
given as a model was made is shown by the sketch on the back 
of the time-study form as illustrated by Fig. 20. 

Material. The material being worked upon should be care- 
fully described, considering such points as kind, weight, grade, 
shape, dimensions, number, and hardness. Some kinds of 
material are identified in one way and other kinds in other ways. 
For example, there are different kinds of steel, as cast steel, 
cold-rolled steel, and tool steel. Steel rails are graded according 
to weight and composition, as for example, “90-pound manganese- 
steel rails,’ which means that they weigh 90 pounds to the yard 
and are made of manganese steel. Steel is also furnished in 
different shapes, as sheets, bars, and tubing, sheets being graded 
according to gage or thickness and bars according to diameters 
or other sectional dimensions, as ‘‘12-gage C.R.S. sheets,’’ and 
‘83-inch axle steel.’”’ Wire is identified according to gage number, 
as ‘‘No. 14 tempered-steel wire.”’ 

It is not so essential that the material be as definitely specified 
on pure assembly work as it is on machining or processing work 
where the material greatly affects the time for doing certain 
elements. On the ordinary assembly operations, it makes little, 
if any, difference in the time required whether brass or steel 
hardware is used, but if it is a machining operation involving 
the cutting of the material, it is of considerable importance to 
know whether the material is brass or steel, because brass can be 
cut at a much higher speed than can steel. The most efficient 
cutting speeds, feeds, and depths of cut for different kinds of 
material may be fairly definitely established so that it will be 
comparatively easy to check up this point to determine whether 
maximum efficiency is being secured in this respect. Figure 21 
shows in tabular form appropriate milling cutting feeds and 
speeds for some of the common metals. If the condition of the 
material is abnormal in any respect, this fact should be noted. 
Castings are sometimes hard or scaly or have excess finishing 
allowances. Notation should always be made of any substitution 
for the material ordinarily used on the job being studied. 

Equipment.—The equipment employed on the work should be 
concisely but fully described. When describing the machine 
tool, for instance, the time-study man should specify the trade 
name, size, capacity, class, and type, as for example, “36-inch 
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F-1 Minuinc Macutnes—FrEEp AND Srrep CHart 
Frep in INcHES PER MINUTE 
For Brass: Cutting speed of 200 feet per minute 


Depth of cut, inches 


Width of cut, inches 


For Cast Iron: Cutting speed of 65 to 75 feet per minute 
For Copper: Cutting speed of 200 feet per minute 


Depth of cut, inches 


Width of cut, inches 
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For Steel: Cutting speed 65 to 75 feet per minute 


Depth of cut, inches 


Width of cut, inches 


1 
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When using cross-feed of machine No. 20030, use 62} per cent of tabular feed. 
When using cross-feed of machine No. 9845 use 54 per cent of tabular feed. 
Nore: The width of cut used is the sum of all surfaces machined, as shown in Figs. 1, 
2, and 3. : , 
A 


Fra. 21.—Speed and feed chart for milling machines. 
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Bullard vertical boring mill,’ ‘‘24-inch Pratt and Whitney turret 
lathe,” or ‘No. 8 Cincinnati milling machine.” If the plant in 
which the time-study man is employed assigns identification 
numbers to its machine tools, this number should, of course, 
be recorded. It is essential that every detail be given regarding 
the auxiliary tools used such as cutting tools, arbors, jigs, fixtures, 
and templates. If they are identified by numbers, these numbers 
should be given as well as descriptions and sizes. Note should 
be made of how tools are supplied to 
the workman, whether he is obliged to 
go to the tool room for them, or 
whether they are brought to him. 
The set-up of the machine tool S 
should be described. This can often No.7 
be done best by means of a sketch 


{No.6 


No.4 Face Stud 


No.6 Point Stud 


No.l0Thread Stud 


No.9 Chamter Hex. %$ No.7 Turn Stud 


J 
Not Used 

Fig. 22.—Sketch showing the position of °~ Fia. 23.—Sketch showing the 
tools on the turret as used for performing the nature of each cut taken on 
operations on which the model time study stud on which the model time 
was made. study was made. 


which shows the placing of the tools, methods of holding fixtures 
to machines, and the like. Figure 22 illustrates how sketches 
were used to help describe the turret-lathe operation on which the 
model time study was taken. The arrangement of the tools in 
the turret is clearly shown, and the elements for which each tool 
was used are noted. Such a sketch used in conjunction with a 
sketch of the part as in Fig. 23 aids greatly in visualizing the 
job, and tells the story more clearly than is possible with words. 
The sizes and descriptions of all hand tools, such as mallets, 
pliers, wrenches, and files, should be included in the information 
recorded on the time-study sheet. 

Conditions.—It is important that a record be made of the 
working conditions existing at the time of the study. If condi- 
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tions are normal, this fact should be noted, and any abnormal 
conditions should, of course, be described. The time-study man 
should note particularly such things as heat, light, and ventilation. 
This subject has been discussed thoroughly in Chap. V, Analyzing 
the Job, and the various things that should be considered when 
recording conditions are enumerated there. 


CHAPTER X 


SKILL 


° 


It will often be observed that, when two men are working on the 
same job, although they appear to be applying themselves to the 
work with the same degree of effort, one man produces more than 
the other. This is due to a difference in the skill or the ability 
which the two men have developed in doing the operation. 

The reasons for this difference are several. Sometimes it is 
because one man is better suited by nature for the work in 
respect to stature, physical strength, mental ability, and the like. 
Since employment departments have been trying more system- 
atically to place a new man on the job for which he is best suited, 
misfits are becoming more infrequent. If two men are suited 
in every way for the job which they are doing, the next greatest 
factor influencing skill is the length of time they have been doing 
the job. The longer a man has been doing a certain class of work, 
the more familiar he will become with the details of that work. 
Constant repetition will enable him to develop a high degree of 
skill, just as constant practice enables a runner to improve his 
form and stride and thus lower his time for running a given 
distance. Other factors which affect skill and which are less 
easy to detect are the mental state of the operator, health, free- 
dom from worry, and the like. 

It is hard to specify degrees of skill exactly, for they are purely 
relative and are affected by many influencing factors. It is 
possible, however, to subdivide skill into six general classes, poor, 
fair, average, good, excellent, and superskill, and to set forth 
the general characteristics exhibited by an operator that will 
determine the class to which he belongs. 

Poor.—An operator whose skill would be considered poor is 
usually one to whom the work is new or one who is unfitted by 
nature for the work he is doing. In the case of the new man who 
has not had any previous experience on the work, this lack of 
knowledge is outstanding. It may be that he is engaged on a 
machine and his lack of experience makes it necessary for him to 
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stop to think what is to be his next move. After he has decided 
what it is, he moves with an uncertainty that is quite pronounced. 
Should he make an error, it will confuse him and may lead him to 
make more and greater errors. He plainly lacks all the confidence 
which he will later gain by experience. 

Where the skill of an operator is considered to be poor after 
he has had sufficient time to learn the job, it will generally be 
found that he is a misfit—the so-called square peg in the round 
hole. He knows what to do but does not seem to be able to do 
it with ease. His movements are clumsy and awkward. His 
mind and his hands do not seem to coordinate, and before he 
makes a move, he has to stop to consider whether or not it is 
right. He continually makes reference to specifications or 
samples and does not seem to acquire the confidence which he 
should gain by experience. This man, with all of his seeming 
care and consideration, turns out an inferior quality of work, 
makes many mistakes, and spoils more work than those more 
skilled. Time values should rarely be set from the performance 
of an operator of poor skill. The time-study man should recom- 
mend that more suitable work be found for him, for experience 
has shown that every person is fitted by nature for some kind of 
work. ‘This should be done in fairness to the employee as well 
as to the employer. 

Fair.—The man who may be considered to possess fair skill 
may be a misfit who has been doing the job for so long that he 
has been able to overcome some of his natural handicaps and 
has risen from the poor class. This case is uncommon, however, 
for if a man is a misfit, he usually will become dissatisfied with his 
job and will quit before he has been at the work long enough to 
develop fair skill. 

More often, the man is a comparatively new man but one who 
has been doing the work long enough to follow the proper sequence 
of operations without an undue number of blunders. He is still 
somewhat clumsy and uncertain in his motions, but he seems to 
have a definite idea of what he is doing. He has become familiar 
with his place of work so that his attention is not easily distracted, 
and he is familiar with the location of machine control levers, 
supply bins, and the like, so that he does not waste time in 
hunting. 

This man has sufficient knowledge of the work to enable him 
to plan ahead to a certain extent. He does not hesitate much 
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between operations to think out what he must do next. At the 
same time, he lacks full self-confidence, because he is still not 
entirely familiar with the work. 

On work which requires a high degree of mel dexterity, 
this man will find it necessary to spend time repairing mistakes 
that his lack of skill has caused. A molder who is only fairly 
skilled will have to devote more time to patching his mold than 
the skilled man, because he fails to ram his sand properly, or 
because he is clumsy in drawing his pattern and breaks some of 
the weak sections of the mold. 

The fairly skilled man will be better able to read drawings 
than the man of poor skill. He has become more familiar with 
the nomenclature used by the plant engineers, and he knows 
better where to look for finish marks, dimensions, and other guid- 
ing information. 

Average.—The man who possesses average skill is the one who 
is most discussed and the one'to whom all others are compared. 
He is the man who has been on the job long enough to be con- 
sidered proficient in the work, although he has not been at it 
long enough to gain that proficiency which comes only of long 
practice. 

He performs the work with reasonable accuracy, and he has 
confidence in himself. He feels that he has passed the learning 
stage and is now in position to be considered a full-fledged artisan 
on his line of work. He follows a set procedure regularly and 
will make few mistakes, if any. Experience has taught him the 
advantage of planning ahead, and he makes his mind and his 
hands work together. He understands his tools and equipment, 
and he is well able to handle them properly. He has lost that 
clumsiness and uncertainty of movement due to inexperience. 

This man not only reads drawings proficiently and does the 
work according to specifications, but he is also able to think out 
things for himself. Because of his familiarity with the work, he 
will not need to refer continually to his information but will know 
that when a certain step of the operation is performed, another 
definite step must follow. 

The man of average skill will turn out work which is satis- 
factory in every respect. He will appear a little slow in his 
motions but otherwise will give a satisfactory performance. 

Good.—The man whose skill may be considered as good is 
noticeably better than the ordinary run of men found doing the 
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same class of work. He seems more intelligent and possesses 
reasoning ability to a marked degree. He will produce more and 
better work than the average man, with seemingly less effort. 

When the man of good skill is first given a new job, he perhaps 
may not be able to plan the best way of doing it entirely alone. 
He will, however, respond readily to suggestions, and when heis 
once started in the right direction, he will be able to continue 
without constant supervision and instruction. If he does run 
into difficulties, he will be wise enough to ask for assistance rather 
than try to blunder on alone. 

This man is fairly quick in his motions and is sure of himself. 
He turns out good work and may be counted on always to do it 
in less than the allowed time unless he has bad material or trouble 
with his machine or tools. He displays a good knowledge of all 
tools, equipment, and materials required in the performance of 
his job and uses them to good advantage. He understands 
drawings well and can be depended on to make his work correct 
to specifications. He is capable of giving good advice to his 
fellow workers and is able to show short cuts to less skilled 
men. 

Excellent.——An operator whose skill may be considered as 
excellent is distinguished by precision and certainty of action, 
speed and smoothness of performance, and self-confidence. At 
the beginning of the operation, this man visualizes each step from 
the first to the last. His skill is evident from the very start. He 
knows what he wants and where to find it. The tools he selects 
for each element of the operation are the best and the most 
efficient available, and his set-up is such that it will permit the 
systematic performance of the elements in their proper sequence. 
This sequence is never varied. Wherever it is possible to combine 
operations, the man of excellent skill does it, and often both of 
his hands are performing different operations which would be 
done separately by the less skilled man. This operator has a 
good memory and does not find it necessary to refer to specifica- 
tions after he has laid the job out mentally. He is definite and 
certain and does not make mistakes. He understands machines 
and tools pertaining to his work and uses every available advan- 
tage. He makes labor-saving tools and devices. His mind and 
his hands seem to coordinate automatically. He seems to work 
without effort and is thorough and accurate. He produces a 
good quantity and quality, far above the less skilled. 
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This operator has proved himself fitted for the work that he is 
doing and has gained the knowledge and confidence which is to 
be expected from one who has had long experience on the same 
class of work. He is an agreeable type to study, but the time- 
study man must not fail to take his skill into account. Other- 
wise, he might discourage the skilled man from using his ability 
for the advantage of his employer, for he is right in expecting 
to benefit from his superiority over the less skilled workman. 
It is not satisfactory to establish time values that only the excel- 
lent in skill can meet or better slightly, for then the average 
operator would fail to meet the time, and he too would be dis- 
satisfied. If the time value is set so that the average man will 
meet it and the skilled man materially better it, both will be 
satisfied. This is a desirable condition, for these classes include 
the great majority of the workers. 

Superskill—The superskilled operator is not common in 
industry. Superskill comes from long years at the same line of 
work. The very fact that methods and equipment change 
frequently as new and better means are devised prevents men 
from becoming highly skilled in most lines of work. In the few 
cases where the nature of the work is unvarying year after year, 
men who may be considered as highly skilled will be found. 

The superskilled operator has all the characteristics of the 
operator of excellent skill developed to as near perfection as it 
is possible for a human being to attain. He knows the job so 
thoroughly that his motions are steady and as quick as those of 
a machine. He does not have to think about the work but 
performs the task like an automaton. His hands seem to fly to 
the proper places without conscious effort on his part. His 
motions are so smooth and rapid that they are difficult to follow. 
One operation blends so smoothly into the next that even an 
experienced time-study man will have to watch very closely to 
determine the proper point at which to take his watch readings. 

This man knows-and_uses all the best methods and short cuts 
in doing the job. Very often, he has taken part in the develop- 
ment of these methods and is justly proud of the fact. He stands 
head and shoulders above the other operators. From the stand- 
point of the psychological effect on the other workers who may 
not understand the principle of leveling, it is perhaps best not to 
time study the superskilled man. The others may feel that the 
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time value arrived at from this study will be so low that they 
cannot hope to meet it. 

Summary.—In order that the salient characteristics which 
attend each class of skill may be set forth clearly, it will be well 
to present them in outline form. 


Poor Skill: 


. New man or misfit. 

. Unfamiliar with the work. 

. Uncertain of proper sequence of operations. 
. Hesitates between operations. 

Makes many errors. 

Movements clumsy and awkward. 

. Does not coordinate mind and hands. 

. Lacks self-confidence. 

. Cannot read drawings well. 

. Unable to think for himself. 


Far Skill: 
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1. Misfit on job for a long time. 
2. Comparatively new man. 
3. Follows proper sequence of operations without much hesitating. 
4. Somewhat clumsy and uncertain but knows what he is doing. 
5. Fairly familiar with equipment and surroundings. 
6. Plans ahead to some extent. 
7. Lacks full self-confidence. 
8. Loses time due to own blunders. 
9. Can read drawings fairly well. 
10. Gets same output with less effort than poor man. 


Average Skill: 


. Works with reasonable accuracy. 

. Has self-confidence. 

. Is proficient at the work. 

. Follows a set procedure regularly. 

. Understands his tools and equipment. 
Plans ahead. 

. Coordinates hands and mind. 

. Reads drawings well. 

. A little slow in motions. 

. Turns out satisfactory work. 


Good Skill: 

. Noticeably better than ordinary run of men. 
. Markedly intelligent. 

. Possesses good reasoning ability. 

. Responds readily to suggestions. 

. Needs little supervision. 

. Uses machine or tools to good advantage. 
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Fairly quick in motions. 

Works correctly to specifications. 
Can instruct others less skilled. 
Possesses originality. 


Excellent Skill: 


il 
2. Shows speed and smoothness in performance. 
3. Thoroughly familiar with work. 

4, Makes no mistakes. 

5; 
6 
a 
8 


Ne} 


Precision of action. 


Works accurately with little measuring or checking. 


. Operates his machine or tools to best advantage. 
. Can think out best methods for doing work. 

. Makes speed without sacrificing quality. 

. Has full self-confidence. 

10. 


Designs labor-saving tools. 


Superskill: 
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. The operator of excellent skill perfected. 


Has been at the work for years. 


. Naturally suited to the work. 


Works like a machine. 
Motions so quick and smooth that they are hard to follow. 


. Does not seem to have to think about what he is doing. 


Knows and uses all best methods and short cuts. 
Conspicuously the best worker of all. 


Conclusion.—If time-study men do not have a guide for 
their judgment of skill such as has been given in the preceding 
paragraphs, often no two of them will agree upon the degree of 
skill being exhibited by an operator. This is merely because each 
has different mental standards by which he judges skill. . With the 
characteristics as given above firmly in mind, two time-study men 
should form the same opinion of the ability of an operator. This 
will tend towards consistency in establishing time values. 


CHAPTER XI 
EFFORT 


Skill is not the only factor that determines how much a man 
will produce. Two men working with the same degree of skill 
will accomplish different amounts of work, because one will 
exert a greater effort in doing the job than the other. 

The amount of effort which an operator will put into his work 
while being studied depends largely upon his attitude toward time 
study and the time-study man. If he feels that the purpose of 
the time study is to get more work out of him for the same or less 
pay, it is only natural that he should assume an antagonistic 
attitude and do everything in his power to hinder the work of the 
time-study man. If, on the other hand, the time-study man is a 
good salesman and can show the man that the true purpose of 
time study is to establish fair time values under which increased 
earnings with increased effort are possible, and also that an 
honest effort on the part of the operator will help the time-study 
man to determine such time values, then the operator will be 
glad to cooperate and assist the time-study man to the best of his 
ability. Some of the other factors which influence effort are 
health, physical condition at the moment, interest in the work, 
working conditions, mental condition, and distracting elements. 

As in the case of skill, it is hard to specify degrees of effort 
exactly. Again, however, effort may be subdivided into six 
different classes, poor, fair, average, good, excellent, and killing, 
and the characteristics of each determined. 

Poor.—A poor effort may be given by an operator possessing 
any of the six degrees of skill. A poor effort may be malicious or 
may be caused by lack of interest or may be, so the operator 
thinks, given as a matter of self-protection. A poor effort should 
be easily detected by a time-study man, and many of the follow- 
ing points will be noticed when a man giving such an effort is 
studied. 

Many trips for tools will be made when one trip should be 
sufficient. These trips may be made to the tool room, the 
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operator’s own cupboard, or work bench, or he may be continu- 
ally borrowing equipment from fellow workmen. ‘The same will 
be true of materials and other accessories, for instead of analyzing 
the job and getting everything required in the fewest possible 
trips, the operator purposely makes a trip for each separate item. 
This not only requires the extra time to make the extra trips, 
but it extends the time for doing the other work, because by 
continually stopping and starting, the operator does not give 
himself a chance to get into the swing of the work. 

Not satisfied with the time lost by unnecessarily running to and 
fro, he finds it necessary to stop work an unusual number of 
times to blow his nose, get a drink, or do some other such personal 
thing. He will interest himself in other things which are appar- 
ently out of the ordinary. He will play the part of a good fellow 
and give advice and demonstrate to fellow workmen where it is 
not needed. Sometimes he pretends to be ignorant of things that 
he should know and has known for a long while and asks ques- 
tions and seeks advice unnecessarily. Unusual trouble may 
develop with his tools or the materials, and he will try to engage 
the time-study man in conversation. He tells him what he 
is up against and how he can neither get the proper tools nor his 
machine repaired. He also says that the material is not what it 
used to be and that conditions are not right; and he compares his 
work with what other men are doing elsewhere. He may try to 
get the time-study man interested in subjects foreign to the work 
and may try to get sympathy by talking about his family affairs. 

Then again, he wants to impress on the time-study man how 
important is the operation he is performing and how strict 
accuracy is absolutely necessary, overlooking the fact that the 
time-study man has familiarized himself with the requirements 
and the purpose of the operation. His set-up usually does not 
permit smooth systematic performance, and he makes many 
false and unnecessary motions. He does not perform the ele- 
ments in the same sequence and often starts the same element 
several times. He makes many mistakes and finds it hard to do 
anything right the first time but is continually cutting and trying. 
He will finish the work to a degree of accuracy that is not neces- 
sary and which will not be maintained after the time-study man 
has left, and to obtain this accuracy, he will continually gage and 
measure his work. He will use wrong tools, such as a smooth 
file when he should use a rough one or a light hammer when a 
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heavy one is more suitable. He may use carbon-steel tools when 
high-speed steel tools could be used to better advantage, or he 
may try to use tools that are improperly ground. He resents any 
suggestions for improvement and intimates that they have been 
tried before unsuccessfully. 

The operator gives one the impression that he is lazy and indo- 
lent. It may be that he is naturally lazy or it may be that worry, 
dissipation, poor food, or loss of sleep may have affected him. 
This man sometimes shows open resentment to the time-study 
man and time-study methods and tries to spread discontent 
among the other workmen. 

It is possible that this attitude on the part of a workman is 
justified, but it is rarely the case. More often a man having this 
attitude is narrow, selfish, and dishonest. In fairness to the 
great mass of working people, however, it is recognized that this 
attitude is very much the exception after the workmen have 
had an opportunity to taste of the fairness of time-study methods. 

Fair.—A man exerting a fair effort will be somewhat more 
reasonable in his attitude towards his work, but he will exhibit a 
number of the same tendencies which the man giving a poor effort 
shows. He takes little interest in his work and seems to regard 
it as a necessary evil. He makes no suggestions himself as to how 
the operation may be improved in respect to methods, quality of 
output, or saving in time, and he receives grudgingly any sugges- 
tions that the time-study man may make. After some little 
persuasion, he may half-heartedly try to make some of the sug- 
gested changes, but he evinces throughout a lack of cooperation. 

He is inclined to be too accurate in his work and will, unless 
watched, turn out a better job than the inspection standards 
require. He constantly grinds his tools, after he has once found 
them, to a point near perfection, at the same time explaining 
how the importance of the job makes this necessary. 

Some of the man’s seeming lassitude may be due to poor health, 
late hours, or some mental dissatisfaction or worry. When a 
man who ordinarily gives a good effort changes and gives only a 
fair effort, the time-study man should, in a friendly way, try to 
ascertain just what isthe reason. Often he will find that domes- 
tic troubles, financial worries, or something of the sort are keeping 
the man’s mind from his work and are thus slowing him up. 
Perhaps the time-study man may even be able to help him out of 
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his difficulties by a little unbiased council and so win his lasting 
good will. 

The man giving a fair effort makes fewer unnecessary motions 
although there are still some present. He tries to go about his 
work in some systematic way, and he gives one the impression 
that he is really trying to do a fair amount of work. It is readily 
apparent that he is not doing his best, but at the same time, he 
does not resort to the extreme time killing Braces by the man 
giving a poor effort. 

Some of the man’s lost time may be due to nervousness because 
of the presence of the time-study man. This should not be hard 
to detect, and when the time-study man finds this to be the case, 
he can help obviate it by a sympathetic friendly attitude when 
talking to the man and by remaining unobstrusively in the 
background during the time study. 

Generally, the man gives but a fair effort only because he 
doubts the fairness of the time-study man, or because he does not 
understand the principles of time study. The time-study man 
will in time overcome the doubts in the first case by being abso- 
lutely fair in all his dealings with the men in the shop. They 
will soon realize that he is not trying to get more work from them 
or to lower their wages but that he is only trying to do his work as 
best he can and play fair with both the workmen and hisemployer. 
In the second case, a man often thinks that he will get a time 
value in accordance with the total time he takes to do the job 
less any time which the time-study man may have felt was spent 
unnecessarily. For this reason, he tries to extend the time. He 
takes as much time as possible feeling that this is the only way 
he can get a time value which he will be able to better later. A 
thorough explanation of the principles of leveling should give 
the man a better understanding on this point and make him more 
willing to give a better effort thereafter. 

On the whole, the man, although slow, puts some energy into 
his work, and it will be possible to get a usable time study from him. 

Average.—The average effort falls on the border line between 
the fair and the good effort. It is the effort to which all others 
are compared, and yet it is perhaps the hardest to define specifically. 
It is a little better than the fair effort and a little poorer than the: 
good. 

The operator exerting the average effort works steadily and 
with fairly good system, He will not deny that he is not doing 
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his best, but he feels justified in holding back because he some- 
what doubts the fairness of time study or of the time-study man. 
These doubts may often be overcome in the manner discussed 
above. 

Lost motions are reduced, and the man appears to take some 
interest in the work. In short, he shows some of the characteris- 
tics of both the man exerting the good effort and the man exerting 
the fair. 

Good.—A man giving a good effort has the following tendencies. 
He works steadily and systematically and does not lose time doing 
operations foreign to the work. He takes an interest in the work 
he is doing and takes pleasure in turning out a good job. He 
works steadily at a pace which he will be able to maintain day 
after day and week after week. He works hard but not hard 
enough to endanger his health. He is conscientious about his 
work and, when he is not under observation, does not try to use 
short-cut methods which he knows will detract from the quality 
of the finished product. 

He believes that the time-study man will give him fair treat- 
ment, and he is confident that he can more than meet the time 
value which will be set from the study. When the time-study 
man starts to time the job, the worker has all his tools at hand, 
and his work place is in good order. He does not try to deceive 
the time-study man in regard to the requirements of the job or 
the methods of doing it; rather does he pay no attention to the 
time-study man but works as if there were no one observing him. 

Excellent.—An excellent effort differs from the good effort in 
several respects. The operator exerting an excellent effort works 
fast and uses his head as well as his hands. He works witha 
will and makes his mind direct his efforts to the best advantage. 
He takes a keen interest in the work. Not only does he readily 
follow any good suggestions which the time-study man may make, 
but he is also on the alert himself to better tools and methods 
through ideas of his own. 

This worker reduces false motions to a minimum in so far as 
his skill permits. He thinks ahead so that he knows just what he 
is going to do before it is time to do it, and when the time comes, 
he does it with zeal. He has the utmost confidence in the time- 
study man and believes that he will receive just treatment at his 
hands. It isa pleasure to work with this man, for the time-study 
man feels entirely relieved of the necessity of studying the man 
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and can concentrate his whole attention on studying the actual 
job. 

A man cannot keep up an excellent effort week in and week 
out, but he can keep it up all day and perhaps for several days. 
A man who usually gives a good effort will on some days, when 
he is feeling particularly fit, give an excellent effort. Or it 
may be that a keen interest in the job he is doing causes him to 
extend himself more than usual. More often, however, a man 
will give an excellent effort because of his conscientious desire 
to be strictly honest with the time-study man. In this case, he 
will not continue this effort after the time-study man has left. 

Killing.—A killing effort is given by some few individuals who 
cannot work normally when anyone is watching them. Whether 
through nervousness or an inborn desire to show off, they extend 
themselves to a pace which they could not possibly keep up over 
an hour or two. Often a few quiet words from the time-study 
man will calm the worker down so that he will give amore rational 
effort. This is often advisable, for a killing effort is quite likely 
to affect the man’s skill. From the consideration of effort alone, 
the killing effort is best from every standpoint but that of health. 

Summary.—Again it will be advantageous to set forth the 
characteristics of the six kinds of effort in outline form so that 
they may be readily available for reference. 


Poor Effort: 


1. Obviously kills time. 
. Makes unnecessary trips for tools and supplies. 
. Makes two motions where one would do. 
. Fails to work systematically. 
Has poor set-up or arrangement of work. 
. Lacks interest in work. 
. Does work more accurately than necessary. 
. Resents suggestions. 
. Purposely uses wrong or poor tools. 

10. Works slowly aad appears lazy. 
Fair Effort: 

1. Same general tendencies but of lessened intensity. 

. Accepts suggestions grudgingly. 
. Fairly systematic but does not always follow same sequence. 
. Still somewhat too accurate. 
. Makes job unduly hard. 
. Lacks confidence in the time-study man. 
. Possibly affected by late hours, dissipation, or mental worries. 
. Does not use best tools. 
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9. Seems purposely somewhat ignorant of the work at hand. 
10. Puts some energy into his work. 


Average Effort: 
1. Better than fair; poorer than good. 
2. Has good set-up. 
3. Works steadily. 
4, Plans ahead. 
5. Somewhat doubts the fairness of the time-study man. 
6. Works with good system. 
7. Reduces lost motions. 
8. Accepts suggestions but makes none. 
9. Seems to hold back his best effort. 


Good Effort: 

. Little or no lost time. 

. Takes an interest in the work. 

. Takes no notice of time-study man. 

. Works at best pace suited for endurance. 

. Follows a set sequence. 

. Conscientious about his work. 

. Has faith in time-study man. 

. Encourages advice and suggestions and makes suggestions. 
. Well prepared for job and has work place in good order. 
10. Steady and reliable. 


Excellent Effort: 

1. Works fast. 

2. Uses head as well as hands. 

3. Takes keen interest in work. 

4. Receives and makes many suggestions. 
5. Reduces false motions to a minimum. 
6 
7 
8 
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. Works systematically to best of his ability. 
. Has utmost confidence in time-study man. 
. Cannot keep up effort more than a few days. 

9. Endeavors to show superiority. 

10. Uses best equipment and methods available. 
Killing Effort: 
1. Extends himself to pace impossible to maintain steadily. 
2. Best effort from every standpoint but that of health. 


Conclusion.—It is just as important for time-study men who 
work together to have the same standards for judging effort as 
in the case of skill. It is necessary to consider both skill and 
effort, for later the results obtained from the performance of the 
man studied are to be reduced to terms of average skill and 
average effort. Skill and effort are interdependent factors when 
used in determining the final results, but when they are being 
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considered during the time study, they should be kept carefully 
separated. To say that a man who gives the best effort is the 
man who produces the greatest amount would be utterly mean- 
ingless, because skill is not considered. A worker of poor skill 
might work at a killing pace and still produce only a small 
amount of poor-quality work. He is exerting great effort, but 
his lack of skill does not permit him to exert it in the right direc- 
tion. On the other hand, the skilled man exerting only a fair 
effort would produce much more, because nearly all of his effort 
goes into productive motions. Similar reasoning will show that 
skill may not be considered alone but that the two go hand in 
hand in determining what a man actually does. 


CHAPTER XII 
COMPUTATIONS AND SUMMARY 


With the observations and the information recorded, the 
remainder of the work necessary to complete the time study and 
to determine the allowed time for the job confines itself almost 
entirely to calculations and mathematical procedure. A good 
share of this work is of such a routine nature that it may be 
delegated to a clerk, although it must be borne in mind that 
accuracy is essential. On the face of the time-study sheet, 
alternate columns headed with T will appear blank. The figures 
in the columns headed with # represent the watch readings which 
were recorded at the terminations of the elements. 

Subtractions.—The first step of the computations is to deter- 
mine elemental elapsed times by subtracting successive watch 
readings. These subtractions are recorded in the blank columns, 
each’ one in the space between the two watch readings that 
determine its value. Elapsed time should be noted in ink both 
to insure a permanent record and to distinguish it from the watch 
readings. 

Referring to Fig. 19 which illustrates the appearance of the 
time study at the completion of the observations, it will be noted 
that the first reading is 18, or to express the full decimal, 0.0018. 
The watch having been started at zero at the beginning of this 
element, the elapsed time will naturally be the same as the watch 
‘reading or 18 as recorded in Fig. 24 under T in column 1. Pro- 
ceeding to element 2 in Fig. 24, it will be seen that the watch 
reading is 37. The elapsed time for element 2 is then the dif- 
ference between 18 and 37, or 19, which is recorded under T' in 
column 2. By continuing in this manner throughout the time 
study, subtracting each reading from the succeeding one and 
recording the result between the two, the elapsed time for every 
occurrence of each element is readily determined. Figure 24 
shows the appearance of the time-study sheet after the subtrac- 


tions are completed. 
101 


Where a space 
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Variations in Sequence.—Those irregularities that called for 
special consideration when the observations were being recorded 
also demand somewhat of a variation from the usual method as 


just described when making the subtractions. 
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contains two watch readings separated by a horizontal line, the 
elapsed time is determined by subtracting the lower reading from 


the upper one. 
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This applies to foreign elements as well as those 


appearing in the body of the study. 
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A horizontal line in a space without any watch readings indi- 

cates that the element was omitted by the operator. This 
element may be disregarded entirely. The elapsed time for the 
next completed element will be found by subtracting from the 
reading for this element the watch reading for the element which 
immediately preceded the one not performed. 
. An M indicates that the watch reading was missed by the 
observer. Obviously the elapsed time cannot be determined for 
the missed element nor for the one that follows it, so the corre- 
sponding spaces must be left blank. 

When a letter indicating a foreign element is encountered, the 
duplicate printed symbol in the first column under Foreign Ele- 
ments on the right-hand side of the sheet should be referred to. 
The elapsed time of the foreign element will be found by sub- 
tracting the lower reading from the upper one, and this value 
deducted from the total elapsed time for the regular element 
wil leave the net or correct duration. In column 3 on line 14 in 
Fig. 24, a foreign element occurred. The total elapsed time for 
element 2 was the difference between 0.1080 and 0.1137, or 0.0057. 
But the D indicates that a foreign element must be deducted 
from this 0.0057. At the right under D, it is found that the foreign 
element was begun at 0.1085, the reading below the line, and 
ended at 0.1123, the reading above the line, giving an elapsed 
time of 0.0038. Deducting 0.0038 from 0.0057, the net or elapsed 
time for element 2 becomes 0.0019. This is recorded as shown. 

Abnormal Values.—Before taking up the summary of the 
elapsed times, the time study should be carefully examined for 
abnormal values. If any are found, they should be indicated 
so that they can be readily distinguished and excluded from the 
summary. A convenient method is to circle them as shown in 
Fig. 24 under element 2 in lines 7 and 12. A value is regarded 
as abnormal when it is extremely high or low as compared to the 
majority of the other values for the same element. No definite 
rule can be established for determining when values are abnormal, 
because the allowable variation from normal will vary with the 
length of the element. For instance, in a series of 20 observa- 
tions ranging in value from 0.0002 hour as the lowest to 0.0008 
hour as the highest, 0.0002 hour would be abnormal if it had 
occurred but once and the other 19 values ranged from 0.0005 
to 0.0008 hour... .If, however, 19 of these values had ranged 
from 0.0002 to 0.0004 hour, then 0.0002 hour would be considered 
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normal while 0.0008 hour would be abnormal. Picking out the 
abnormal values is largely a matter of judgment in which there is 
little likelihood of error, for extreme cases will be obvious at a 
glance, and doubtful cases will not show sufficient variations to 
change the result materially whether the values are admitted to 
the summary or not. To illustrate this point, three examples 
are presented below. 


Order of A B C 
occurrence Elapsed times Elapsed times Elapsed times 

1 8 93 2 

2 11 98 3 

3 9 101 4 

4 @2) 108 3 

5 10 83 3 

6 8 83 4 

7 10 85 3 

8 11 93 3 

9 10 100 4 

10 10 60) 2 

11 9 118 3 

12 6 98 3 

13 9 93 3 

14 14 71 5 

15 8 83 5 

16 9 _ 87 4 

17 9 82 6 

18 8 103 4 

19 10 94 4 

20 9 85 3 
(otal re a 0.0178 hour 0.1808 hour 0.0071 hour 

Number of occur- 

TENGES es ae oe 19 19 20 

Average..........| 0.000986 hour 0.00951 hour 0.00035 hour 


In example A the fourth value, 0.0022 hour, is obviously abnor- 
mal and is excluded at once. Closer study may raise the question 
as to whether the next highest value, 0.0014 hour, should be left 
in, and looking still further the twelfth occurrence, 0.0006 hour, 
may seem abnormally low. There is just about as much reason 
for excluding one as the other, but if they are both out, the 
result is not greatly changed. The total becomes 0.0158 hour 
instead of 0.0178 hour. This new total divided by 17, the 
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number of occurrences, gives an average of 0.000929 hour instead 
of 0.000936 hour or a decrease of seven-tenths of 1 per cent. 
Practically, there would be no change, for the decimal is ordinarily 
carried out to only four places. Hence, the result in both cases 
would be 0.0009 hour. 

The same is true of example B in which the tenth value, 0.0050 
hour, is obviously too low and is excluded at once. Here, as in 
example A, one might question 0.0118 hour and 0.0071 hour, 
which are the eleventh and fourteenth values, but by carrying 
out the calculations it is again found the result is not appreci- 
ably affected by taking them out. With these two values 
omitted, the total becomes 0.1619 hour instead of 0.1808 hour, 
and the average becomes 0.00952 hour instead of 0.00951 hour. 
By dropping the fifth decimal place, both values become 0.0095 
hour. 

In example C the first occurrence, 0.0002 hour, and the seven- 
teenth occurrence, 0.0006 hour, are both somewhat abnormal. 
When they are used in the summary, the average is 0.00035 hour, 
and when they are omitted, the average is still 0.00035 hour. 

It is better, therefore, to exclude only those values that are 
extreme and readily recognized as abnormal. If there are too 
many values discarded, the time-study man throws himself open 
to the possible criticism that his study is not representative of 
conditions as they actually were when the observations were 
made. There is generally a good reason for abnormal values, 
and the time studies of an alert and competent observer will 
seldom contain any, because he will have discerned and noted 
the causes while making the observations. Low values are 
frequently caused by an element being only partially performed 
either due to neglect of the operator, or because the condition 
of the material or some other feature of the job is unusually 
favorable for quick performance. High valuesare generally caused 
by some unusual difficulty, as a bad piece of material, or by some 
small foreign operation which escaped the notice of the observer 
and was not recorded. 

Number of Occurrences.—After the abnormal values are 
eliminated, the next step is to count the number of occurrences 
for each element and record the number in the space provided 
under Summary at the bottom of the sheet. If more than one 
column has been used for an element, the values appearing in all 
of them should be summarized together in the first column 
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devoted to the element. This applies also to the recording of the 
number of occurrences. No summary will appear, then, in any 
of the columns to follow that have been used for the element in 
question, but instead of a summary there should be shown the 
element number appearing at the head of the summary column. 
It is a simple matter to recognize repetitive elements, provided 
the repetitions were designated at the time of observation by 
placing the number, which was first used to identify the element, 
at the tops of the columns devoted to the repeated elements. 

Totals of Elapsed Times.—The time-study man _ himself 
should indicate the abnormal values, and he should also count 
and record the number of occurrences for each element, but the 
matter of adding the elapsed time for each element and finding 
the average elapsed time are calculations that can very well be 
assigned to a reliable clerk. Determining the totals of the 
elapsed times for each element is a comptometer or adding-machine 
operation. The main point to watch is that all occurrences, 
up to the number that has been indicated by the time-study 
man, have been included in the total. The full decimal, to 
four places, should be shown in this total, it being understood 
that the whole numbers expressing elapsed times indicate ten- 
thousandths of an hour. 

Average, Minimum, and Maximum Elapsed Times.—The 
totals of the elemental elapsed times should be divided by 
the number of occurrences as recordéd by the time-study man. 
The results are the average elapsed times which may be taken to. 
represent the performance level of the operator on that particular 
study. To these average elapsed times are applied the appropri- 
ate leveling factors in order to arrive at the standard times. 
For example, in Fig. 25, the total of the elapsed times for element 
1 was 0.0299 hour. This divided by 14, the number of times that 
element 1 occurred in the whole study, gave an average elapsed 
time of 0.00214 hour. Since this average time is to be multi- 
plied by a leveling factor and then increased by an allowance 
percentage, it is well, for the sake of accuracy, to carry as many 
places as can be conveniently read on a slide rule. The final time 
value or the allowed time for each element need be given only to 
the nearest fourth decimal place. 

By glancing over the list of elapsed-time values, the minimum 
or lowest time in which each element was performed is readily 
apparent, These values should be recorded on the fourth line 
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of the summary. Likewise, the maximum values should be 
selected and recorded on the fifth line. These values are not 
actually used to determine the final allowed time, but they are 


Peels FESS SShaheRiae ST ae s\aleiet 
PRSSSSScSces ican | see | ele 
SUSSGSSHGs cam aaa 

PRREREESS Feet LTT a 
PER SSR SSS S eR eLLL LLL 
BRSSESRSSSESSSeeeeee 


8 8 a i fe ag 
ERR RIRS & Aq 2 Bl S23 
) Ef o|* [35 
E S| 3)Sh : Ue BEET coe eee: 
8 IX|NISES ies fw 1 lel 
O}owinwn 5 S 28 
SOS E ff glzielellebe TS] soe 
eee Coo (Jb) peers 
ethan le Ee eh eke 
es <ta [ole] iii ASHnn 
sisal setae 11111 218 
rk (=) 
see siiesies TTT B855 | Bes 
FERS 


fie 
halgoha 


10044210 100134] 
0038] 001 [00 
0051 OO 
ees 
Sees FE ea ee 
0 
| 20 | 20 


Ge Es 


a ea 


ee 


eu 


Fig. 25.—Model time study showing summary and computations of elemental allowed times completed. 
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convenient for reference purposes, and too great a difference in 
them may justify further investigation. 

Levelinff Factor.—The factor by which the average time is 
multiplied in order to determine standard time is called the 
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The value of this factor is influenced by four 


things: skill, effort, conditions, and consistency. By referring 
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to the lower right-hand corner of the sheet, the general rating 
of these four points will be found. Except for those elements 
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used for the entire study. Exceptions will have been indicated 
in appropriate columns in the seventh line of the summar 
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numerical value as shown on the Performance-rating Table (see 
Fig. 27). The algebraic sum of these numerical values added 
to 1.0 will give the leveling factor which should be recorded in 
the space reserved for that purpose. If a general rating has 


Skill Effort 
+0.15 Al . OST is Ad re 
40.13 AQ Superskill 40.12 AQ Killing 
+0.11 Bl 0010. || = Bi 
+0.08 B2 Excellent 40.08 B2 Excellent 
+0.06 Cl +0.05 Cl 
+0.03 Cnn Moe) ab Osea 
0.00 D Average 0.00 D Average 
—0.05 Fl Fai —0.04 El Pair 
—0.10 E2 : 0108+) Be 
—0.16 Pile SOs 1 Fit 
=. 22 F2 ‘ 0117. | -F2 
Conditions Consistency 
+0.05 A Ideal +0.04 A Perfect 
+0.04 B Excellent +0.03 B Excellent 
+0.02 C Good +0.01 @ Good 
0.00 D Average 0.00 _ D Average 
—0.03 E Fair —0.02 E Fair 
—0.07 F Poor —0.04 F Poor 


Fia. 27.—Performance rating table. 


been applied to the entire study, there will be, of course, a general 
leveling factor. In this case, it is not necessary to record it for 
every element. The examples given on the following page 
illustrate the method of arriving at the leveling factor. 


110 


Performance rating 


Excellent skill 
Good effort 
Average conditions 


Good consistency 
B2AC LD AG, 


Average skill 
Excellent effort 
Good conditions 
Good consistency 
1D. Wil CL 


Excellent skill 
Poor effort 
Good conditions 
Fair consistency 
{oHl Jab, (GL, TH 


Poor skill 

Good effort 
Average conditions 
Poor consistency 
(Pl. (Cth, IB), LP 


Average skill 

Fair effort 
Average conditions 
Fair consistency 
D, E1, D, E 


Average skill 
Average effort 
Average conditions 


Average consistency 


Dep. DD 
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Numerical equivalents 


+0.08 + 0.05 + 0.00 + 0.01 


+0.00 + 0.10 + 0.02 + 0.01 


SQ.) 0) se O04 = O07 


—0.16 + 0.05 + 0.00 — 0.04 


0.00 — 0.04 + 0.00 — 0.02 


0.00 + 0.00 + 0.00 + 0.00 


Sum to 
be added 


to 1.0 


—0.01 


SO), 


—0.06 


0.00 


Level- 
ing 
factor 


88 


0.85 


0.94 


1.00 


Standard Time.—At this point, the leveling principle which 
is explained in detail in the next chapter is applied. As previ- 
ously explained, the average time represents the actual perform- 
ance level and includes, in the aggregate, all of the effects of 
variations from normal skill, normal effort, normal conditions, 
and normal consistency. Each average elapsed time is multi- 
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plied by the appropriate leveling factor, and the result is recorded 
in the eighth line of the summary. 

Allowances.—If workers were able to work continuously, 
standard time would be the correct value to allow, but constant 


Fia. 28.—Model time study showing back of sheet completely filled out. 
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application to the job is neither possible nor desirable. In the 
course of a day, there are bound to be occasional interruptions 
and delays, for which due allowance must be made in establishing 
the time value. These allowances are determined by the time- 
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study man in accordance with the methods set forth in a succeed- 
ing chapter. Each element should be considered separately 
and the appropriate allowance recorded in the next to the last 
line in terms of a percentage by which the standard time is to 
be increased. 

Time Allowed.—The time allowed for each element is recorded 
in the last line of the summary in decimal hours. It is the result 
after the standard time has been increased by the allowance 
percentage. This value becomes a part of the allowed time for 
the operation as calculated on the back of the sheet. 

Back of Time-study Sheet.—The numbers and descriptions 
of the elements should be transcribed in ink on the back of the 
sheet. The majority of future references will be made to this 
part of the time study. Descriptions of the elements may be 
elaborated upon if it will add to the clearness. It is well at this 
time again to check briefly the information and the sketches to 
see that everything is as complete as possible. The time allowed 
for each element is transcribed to the column reserved for that 
purpose. . In the next column to the right should be noted the 
number of times the element occurs on one piece or cycle of the 
operation. Extensions of the total time allowed for each ele- 
ment should be made and recorded in the last column. Ele- 
ments that occur but once will be carried over as they appear in 
the Time Allowed column. The time allowed for those occurring 
more than once will be multiplied by the number of times they 
occur and the product carried over. The allowed time for the 
operation is then the sum of the items in the last column. Figure 
28 shows the model time study with the back of the sheet com- 
pletely filled out. A full discussion of Allowed Time will be 
found in Chap. XV. } 


CHAPTER XIII 
DETERMINATION OF STANDARD TIMES BY LEVELIN G 


Assuming that the observations have been made accurately, the 
most important step in time-study procedure is. the determining 
of the standard time. The standard time which is established 
from a time study taken on any job should be the time that is 
required by an operator who possesses average skill and training 
when he is working at an average pace under average conditions. 
In establishing the standard time, the greatest care and judgment 
must be exercised, for at this stage everything which influences 
the time values must be taken into account. The experienced 
observer, who is acquainted with the character of the work and 
with effective and efficient methods of performing simple manual 
and mechanical operations and who is also a keen student of 
human nature, will soon learn to recognize with certainty any 
tendency on the part of the operators to do other than that which 
should be expected of them and to make allowances accordingly. 

Reasons for Leveling.—Considering, then, that different opera- 
tors possess varying degrees of skill and that they will differ in the 
effort given, in order that the time standard established from a 
time study for any degree of skill or effort may be a true standard 
on the basis of an average operator, it is necessary to use some 
method of adjustment of the recorded elemental times to arrive 
at a time standard. It is evident if, on the basis of an operator 
whose skill is good and who has put forth a good effort, a time 
standard were established such that he could just meet it or 
gain on it slightly, that the less skilled operator would fail to meet 
it even though he would put a good effort into his work. Or, on 
the other hand, assume that the time standard is established with- 
out taking skill and effort into account from a study taken on a 
less skilled operator who gave only a fair effort. Then he will 
just meet this time, but when he improves his effort, he will gain 
on or beat the time to an extent to which he is hardly entitled, 
and the time will be far too liberal for the more skilled operator. 

113 
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This can be best illustrated by a simple example. Assume that 
two men, working as molders in a foundry, are molding the same 
part, there being two patterns for the job. The time-study man 
studies both operators on the same number of molds, and he 
finds that one operator is much more skilled than the other and 
that the more skilled operator gives the better effort. Conse- 
quently, there is a large difference in the time taken by each to 
make the same number of molds. The questions are: Which 
time study should be used and how could a time value be arrived 
at from either study which would be correct for both operators? 
The answer is that there must be some method of bringing the 
results obtained from both operators to the same level, some 
method which will bring about the same results that would be 
obtained if there were no difference in skill and effort of operators. 
Without some such method, time study would be of little value 
as a means of setting accurate time standards. With a method of 
adjustment of the elemental elapsed times, it really does not 
matter which study is used or whether one or ten studies have 
been taken, for it is expected that the trained observer will estab- 
lish the same time standard regardless of the type of operator he 
has studied. The extent to which the observer can accomplish 
this is, of course, dependent on the accuracy and the thoroughness 
of the method used. 

Various Methods of Adjustment.—There are several methods 
used to take into consideration the skill of the operator, the effort 
given during the time study, and the conditions under which the 
operation is performed. Each of these methods has the same 
end in view, that is, the establishing of correct standard times. 
They are, however, based on different principles, and hence the 
results which will be obtained by using one method will, in all 
probability, not agree with those obtained by using another. 
Since there is this disagreement, some of these methods must be 
founded on incorrect assumptions. 

Some of the more commonly used methods are the percentage- 
selection method, the performance-curve method, the variation 
method, the straight-average method, and the leveling method. 
Of these, the leveling method is the most scientific and the most 
accurate yet devised. 

Percentage-selection Method.—The percentage-selection method 
is one of the more popular adjustment methods. While making 
his observations, the time-study man judges, in a general way, the 
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skill and effort shown. He then decides on a percentage to use 
in making his selections, basing his decision upon his judgment 
of what this should be for the particular skill, effort, and condi- 
tions he has studied. He makes a summary of the time values 
for each elemental operation, arranging them in order of magni- 
tude with the smallest first and noting the number of times each 
value occurred. 

From these summarized values, the time-study man selects 
the value which is considered the standard time by using his 
percentage selection factor. This factor multiplied by the total 
number of readings for a given element gives the number by 
position of the reading to be chosen; that is, if there are ten read- 
ings and a factor of 40 per cent has been determined, 0.40 X 10 or 
the fourth reading will be the value selected. 

The range of selection for the average operator working under 
good conditions will normally be between 30 and 50 per cent. 
For conditions above or below average, the selection factor will 
increase or decrease proportionately. 

The value of this method depends upon the accuracy of judg- 
ment by which the percentage-selection factor is determined. 
This method is highly empirical, but at the same time, usable 
results may be obtained. Under this method, it is not possible 
always to determine the same standard time for a given element 
when different grades of operators are studied, for it is not likely 
that the correct standard-time value will occur in every study 
taken. All of the values obtained from a study on a man giving 
a poor effort with poor skill may be higher than the true standard- 
time values, and those obtained from the excellent effort of a 
highly skilled operator may be lower. From neither of these 
studies, then, could the true standard-time value be found regard- 
less of the accuracy with which the percentage of selection was 
determined. 

Performance-curve Method.—The performance-curve method 
differs from the percentage-selection method in the manner of 
determining what factor to use. A curve is plotted for one or 
more representative elements of the study. Hach curve is plotted 
in a square, the abscissas being the elapsed-time values ranging 
from the lowest to the highest and the ordinates being the 
cumulative percentages of the total number of observations. 

For example, assume that a time-study man has taken a study 
on the drilling of 50 cast-iron brackets. The first element of the 
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operation is ‘pick up part” and the time for this element ranges 
from 0.0030 to 0.0040 hour as follows: 


Bie tax Seah Elapsed Time 
1 : 0.0030 
4 0.0032 
18 0.0033 
18 0.0034 
5 0.00385 
2 0.0040 
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Fie. 29.—Performance curve for determining percentage selection. 


Cumulative Percentage of Total Number of Observations 


The curve for this element is plotted as shown in Fig. 29. It 
will be noticed that part of this curve is quite flat, as will always 
be the case. The time values which make the flat part of the 
curve are considered to be consistent time values, and those 
which make the greater curvature at either extreme are consid- 
ered to be abnormal values and hence are discarded. 

A straight line is drawn along the flat part of the curve to aid 
in determining just where the greater curvature begins. In the 
case under consideration, the flat part of the curve is found to 
be between the ordinates 80 and 70. The percentage number of 
observations is found on the ordinate which bisects the flat part 
of the curve or the 50 per cent ordinate. Thus, 50 per cent is 
the selection factor determined, and the procedure from this 
point on is the same as in the first case considered. If the ele- 
ment which has been used to plot the performance curve is 
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considered to be representative, 50 per cent selection is used 
_ throughout the study. 

The percentage-selection factor is determined by this method 
wholly on the basis of consistency. It takes no account of skill, 
effort, and conditions, or perhaps assumes that the better these 
three factors are, the closer will be the consistency. That is not 
necessarily true. One may work slowly and evenly, and the 
results obtained from a study taken on him will be highly con- 
sistent. Another man may work very quickly and with his 
best effort. The very fact that he is hurrying will tend to inter- 
fere with the evenness of his motions, and the resulting elapsed 
times might vary greatly. But the slower man would be given 
the higher percentage selection. 

When consistency is used alone as the basis of determining 
standard times and an operator realizes this, he is able to secure 
ridiculously high time values for himself by being consistently 
slow. A case occurred where a study was taken under this 
system on an operator sawing slots in a commutator. The 
operation consisted mainly of pushing a power saw through by 
hand, pulling it back, and turning the commutator by an index- 
ing device. These three elements repeated again and again 
comprised about 95 per cent of the operation. The operator, 
while he performed each element slowly, mentally counted. 
Thus he was able always to take the same amount of time to do 
the element, and the result was a study nearly perfect from the 
standpoint of consistency. After the time value for the job was 
established by the performance-curve method, it was found that 
the operator gained on the value by 300 per cent. If the adjust- 
ment method had required that effort be taken into considera- 
tion, the time-study man would have seen at once that the 
operator was giving a poor effort and would have taken that into 
account in setting the time value. 

Variation Method.—The variation method is another adjust- 
ment method also based on consistency. After the subtractions 
have been made, abnormal values are discarded, and the remain- 
ing values for each element are averaged. Lach average time 
is divided by each corresponding minimum, and the quotient is 
called the variation factor. These elemental variation factors 
are averaged, and each average time value is divided by the 
average variation factor. The resulting values are considered 
to be the elemental standard times. 
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The variation factor will vary as the consistency of the indi- 
vidual times vary. If the consistency is perfect, the average 
variation factor will be 1.00. This will mean that the standard 
time is the time that the man actually takes. It can never be 
higher, regardless of skill and effort, and practically, it is always 
lower. 

Straight-average Method.—Another less used method is the 
straight-average method. In this method, the average of actual 
performance is found after abnormal values have been discarded. 
This method does not even take consistency into account and is 
practically valueless unless an average operator is studied under 
average conditions. 

The Leveling Method.—Suppose, for a moment, that it is pos- 
sible to find an average man working on an operation which the 
time-study man wishes to study. This man will possess average 
skill and will work with an average effort. Assuming that 
conditions are average, the times for each element of the opera- 
tion obtained from a study of this man will be the standard times 
which it is desired to determine. The study will be taken on a 
number of pieces, and while the time value determined for a 
given element will not be exactly the same for every piece 
because of minor differences impossible to detect, the average of 
these times, after abnormal values have been set aside, will give 
the standard time for that element which the operator may be 
expected to meet consistently. In other words, the average will 
determine the plane along which the operator possessing average 
skill will continuously work while giving an average effort. The 
standard-time values for all operations in the plant should be 
along this plane. 

In most cases, however, it will not be possible to find an average 
man. Suppose, rather, that it is necessary to study a man who, 
although working with an average effort, possesses good skill. 
Because of this higher degree of skill, the average elemental time 
values determined from the study will be lower than those 
obtained from the average man. This second man will work 
along a higher plane than will the average man. 

Similarly, if another man, working with an average effort but 
possessing only fair skill, be studied, the time values obtained 
will be higher than those of the average man, for this man will be 
working on a plane below the average. These levels are shown 
graphically in Fig. 30. The standard-time values as set from 
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the time study should lie along the performance level AB, since 
this will allow the average man just to meet the established time. 
In the last two cases considered, the level obtained does not coin- 
cide with the level AB because these two operators differed from 
the average operator in respect to skill. 

Again, consider three operators all of whom possess average 
skill, but when working under average conditions, exert varying 
degrees of effort. If one man is an average man and hence is 
exerting an average effort, his average plane will be along AB. 
If the second man exerts a good effort, he will perform the opera- 
tion faster than the first man will, and his performance level will 
be relatively higher. Lastly, the third man exerting only a 
fair effort will be working along a plane lower than AB. 


Ave. Eff, Good Skill, Ave. Cond., Ave. Cons. 


Al Ave: Eff, Ave. Skill, Ave. Cond., Ave.Cons. B 


Ave. FFF, Fair Skill, Ave.Cond., Ave. Cons. 


Performance Level 


Operation Cycle 


Fig. 30.—Graphical representation of performance level. 


Varying conditions will also affect the performance level. If 
two men are working under different conditions, even though 
they both have the same skill and give the same effort, the one 
working under the more unfavorable conditions will perform 
along a lower plane than the other. 

It has been said that minor variations impossible of detection 
will cause the elapsed time for a given element to vary slightly 
when it is done a number of times. If this is slight, and the 
average time value does not differ greatly from the two extremes, 
the variation may be attributed to the inability of a human 
being to work with exact clock-like regularity, and the fact that 
the stop watch is read to only the nearest one-hundredth division 
of the dial. Where the variation is greater, there is undoubtedly 
something which, although impossible of detection, materially 
influences the performance of the work. Usually it is a deviation 
by the operator from this exact plane of work. This deviation 
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is so small that it does not justify considering that skill, effort, or 
conditions have changed. These, while ranging from a minimum 
to maximum in a series of minute steps, are practically divided 
into only a few steps. Thus a slight deviation would not be 
great enough to change the degree of skill, effort, or conditions 
from one class to another. At the same time, the readings show 
that there has been a change, and hence the average time value 
will be affected. This variation is called the consistency with 
which the operator works. The greater the consistency, the 
more nearly right will be the average value for the particular 
plane in which the operator performs. Thus it is seen that con- 
sistency must also be considered during the leveling process. 

These four variables—skill, effort, conditions, and consistency 
—all influence the level at which the operator works. The first 
three are determined during the actual making of the time study. 
The last is determined after the subtractions have been made. 
These four together determine definitely along what performance 
plane any operator works at any time. When this plane has been 
located, it is a simple mathematical process to bring the time 
values determined from any study down or up to the desired 
standard-time values. 

Determination of Level—When skill, effort, conditions, and 
consistency have been determined, the next step is to find the 
exact level which these four factors locate. This may be done 
with the aid of either the Performance-rating Table shown in 
Fig. 27 or the Performance-rating Chart (Fig. 31). The Per- 
formance-rating Table gives numerical values which when added 
together algebraically give the proper leveling factor to use for 
any given combination of the four variables. Under each dif- 
ferent degree of skill and effort excepting ‘‘average,”’ two numeri- 
cal values are given. For example, under superskill, the values 
+0.15 and +0.13 are given. In the column immediately 
adjoining, the symbols A; and A2 are shown. These symbols 
correspond to those given on the face of the time-study form. 
The symbols bearing the subscript 1 refer to degrees of skill or 
effort which are slightly better than those described by the 
definitions given in Chaps. X and XI but which are still somewhat 
below the standards set for the next highest subdivision. Simi- 
larly, the symbols bearing the subscript 2 refer to slightly poorer 
degrees of skill or effort than those given by the definitions. Aj, 
then, in the skill column designates a skill outstanding in every 
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respect, while A» refers to a degree of skill which, while better 
than excellent skill, is on a par slightly below that described by 
the definition of superskill. Midway between the two falls the 
degree of skill given by the definition, and the numerical figure 


Conditions Consistency 


Ideal Perfect 
Excellent Excellent 
Good Good 
Average Average 
Fair Fair 
Poor Poor 


To determine Leveling Factor add algebraically values from above table 
to factor read from curves below. 
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Vig. 31.—Performance rating chart. 


used is the average of the two given in the table. In the case of 
superskill this is the average of +0.15 and +0.13, or +0.14. 

At the time of taking the study, the time-study man records 
his judgment of the skill and effort exhibited by the worker on 
the face of the time-study form. This he does by placing a check 
mark opposite the proper symbol. If the operator works with an 
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effort which is slightly better than fair and shows average skill, 
the time-study man will place a check mark opposite #; in the 
effort column and opposite D in the skill column. If the effort 
exactly corresponds with that designated by the standard defini- 
tion, the time-study man should circle both the subscript 1 and 
2 letters, thus indicating that the average of the two values 
given in the Performance-rating Table is to be used. Thismethod 
‘of considering degrees of skill and effort slightly above or below 
those given by the definitions makes it possible to rate an operator 
as closely as human judgment permits. 

The Performance-rating Chart (Fig. 31) shows graphically the 
relation between skill and effort and illustrates clearly the funda- 
mental principles upon which the leveling method is based. 
‘“Fiffort’’ is used as the base against which the leveling factor as 
determined by skill and effort alone is plotted for each of the six 
degrees of skill. For the sake of clearness, curves of degrees 
slightly above or below those considered as standard are omitted. 
The effect of conditions and consistency on the leveling factor as 
determined from the curves is given by the table at the top of 
the chart. 

The Performance-rating Table and the Performance-rating 
Chart are, of course, interchangeable. The chart is slightly more 
flexible, while, on the other hand, values may be determined from 
the table with greater exactitude. Thus, it will be found that 
the table is better for everyday use. 

The chart, however, illustrates more clearly the following 
basic principles. For a given effort, a man’s output will vary as 
his skill, and for a given degree of skill, his output will vary with 
the effort expended according to the Law of Diminishing Returns; 
that is, up to a certain point, return is proportional to expenditure, 
but beyond that point, the addition of another unit of expenditure 
will bring a lesser return than did the preceding unit. Applied to 
effort, performance level for a given degree of skill will be very 
nearly proportional to the effort expended except that in the 
lower stages of effort, one unit of increase in effort will raise the 
performance level more than will a similar unit of increase in 
the higher stages of effort. 

On the chart, the lines of skill are plotted according to the 
Law of Diminishing Returns, and these lines are also spaced 
according to this law. Thus, the difference in level caused by 
changing from poor to fair skill is greater than that caused by 
changing from good to excellent skill. 
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The paths of the curves given on the chart were determined 
from a number of time studies taken under varying conditions 
on men who differed in skill and effort. For example, the 
difference between a man working under average conditions with 
a good effort and possessing fair skill and a man under poor condi- 
tions showing average effort with good skill was accurately deter- 
mined by studying each when doing exactly the same operation of 
drilling two holes in an iron casting. Similar studies were taken 
over work ranging from cleaning rough castings to complex coil 
building, and thus the curves are truly representative. 


b 


Performance Level 


Idleness Killing 
Effort 


Fig. 32.—Curve showing variation of performance level over complete range of 
effort for a given degree of skill. 


The curves which are shown on the chart are only those 
portions of curves which are usable for time-study purposes. 
Actually, there are many degrees of effort worse than that 
defined as poor. The worst effort possible would, of course, 
be exhibited by the operator who stands in idleness doing no useful 
work. From this effort, there is a considerable range before the 
poor effort is reached. Thus, for example, the complete curve of 
average skill would appear as in Fig. 32. For time-study work, 
only the portion AB is considered. Care must be used to make 
sure that any operator studied meets at least the definition of poor 
effort. Similar reasoning holds true in the case of skill. 

Number of Pieces Studied.—The greater the number of pieces 
that are studied, the greater will be the number of elapsed-time 
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readings obtained for each element, and hence the more truly 
representative will be the average elapsed-time value obtained. 
Thus, in every case, it is desirable to study as many pieces as 
possible. 

An actual time study on core making gave the following 
elapsed-time values for the element of rap core box, for 16 pieces: 


0.0020 0.0014 
0.0014 0.0014 
0.0014 0.0015 
0.0011 0.0018 
0.0013 0.0012 
0.0020 0.0019 
0.0020 0.0012 
0.0020 0.0011 


If only one piece had been studied, the elapsed-time value 
would have been the first, or 0.0020. If five had been studied, 
the average elapsed-time value would have been 0.00144. If 
10 pieces had been studied, the average value would have been 
0.00156. Actually, on the 16 pieces studied, the average elapsed- 
time value was 0.00152. It is readily seen that the first value is 
not representative. The first five values give a better value, 
but there are still too few readings to justify absolute confidence 
in the accuracy of the average value. Ten readings give a truly 
representative value which is changed only very slightly by the 
study of six more pieces. In fact, the change is hardly great 
enough to warrant the extra time and work involved in securing 
the additional data. This bears out what was said under 
Observations concerning the influence of the Law of Diminishing 
Returns on the number of pieces studied. 

If the level has been accurately determined, the total standard 
time as determined from a study on one piece should not differ 
greatly from that obtained from a study on 10 pieces. The 
element standard-time values will vary, however, for while some 
are close to what would be obtained from averaging 10 pieces, 
others are higher or lower. It is important that all elemental- 
time values should be truly representative if the study is to be 
used later for formula construction. 

The leveling method is the only method of those discussed by 
which it is possible to take skill, effort, and conditions into 
account when the study is made on only one piece. Under all 
other methods, the actual readings must be taken as the true 
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standard times although they obviously are not unless the opera- 
tor studied is average. Thus, if there is only one piece available 
for study or if the time-study man is exceedingly pressed for 
time, it is possible to get a usable study from one piece. Because, 
however, of the variation in elemental-time values just mentioned 
and because of the difficulty of determining accurately at just 
what level the operator is working during the short time when the 
study is being made, it is recommended that the practice of 
studying only one piece be avoided whenever possible. 
Variations in Level during One Operation.—An operator may 
not always work at the same level throughout the entire time 


L 


Performance Level 


Operation Cycle 


Fie. 33.—Graphical representation of variation in performance level during 
operation cycle. 


study, particularly if the operation is long. If the study lasts 
all day, the man may slow up during the afternoon because of 
fatigue. It may be that on a comparatively new job, an operator 
shows only average skill during the first and the last parts of the 
operation, but during the middle part, because it is similar to 
an operation he has performed many times before, he shows good 
skill. In this case, his performance level during the whole opera- 
tion will be as shown in Fig. 33. 

Wherever there is a change in level due to any condition, the 
time-study man should note it at the time and the operation 
affected by it. Later when he is working up his time study, he 
can change his percentage-leveling factor as is necessary. 


CHAPTER XIV 
ALLOWANCES 


An allowance is extra time which is added to the standard time 
to care for various items which require the operator’s time and 
which are not a regular part of any one job. The determining 

-and making of correct allowances is a very important step in 
time-study work. The time-study man will be called upon by 
the supervisory force as well as by the operators to answer 
questions as to how this or that thing is taken care of. In 
order that he may be in a position to answer such questions 
intelligently, he must make a thorough study of the conditions 
surrounding the job to determine the kind and amount of allow- 
ances he must make. 

When the time study is taken, time for performing all foreign — 
operations is deducted. The workers often question the justice 
of this since they realize that some of the delays, although not 
strictly a part of the job, are entirely unavoidable. The time- 
study man should be able to explain clearly that the purpose of 
the study is to determine the standard time for the performance 
of the job, exclusive of everything that is not a regular element 
of the operation, and that all necessary and unavoidable delays 
are considered in allowances which are added to the standard 
time to arrive at the allowed time. Sometimes it is well to go 
into detail and explain how allowance percentages are deter- 
mined, and in addition, show the amount of allowance which is 
made for each delaying factor. 

Necessity for Allowances.—The necessity for making allow- 
ances should be apparent from the fact that it is not practicable 
to allow time on individual jobs for human delays, minor break- 
downs, and other irregularities which cannot be foreseen. Even 
if it were possible to do so, it would not be desirable, as it is better 
to distribute in equal proportion such time to every job or opera- 
tion performed. 

An operator cannot be expected to work steadily all day with- 
out delays from some cause, even if his physical condition were 
such that he could maintain a good effort of performance all day 
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long, day in and day out, without affecting his health. Human 
requirements, minor breakdowns, and other irregularities which 
cannot be foreseen would interfere. The situation of a worker 
in industry may be compared with that of a man making his first 
long journey by automobile. He may plan to motor from 
Pittsburgh to Chicago, a distance of approximately 500 miles. 
In trying to determine how long it will take to cover the distance, 
he reasons that if he holds a speed of 35 miles per hour, he should 
make the trip in 500 + 35, or approximately 14 hours. Theoreti- 
cally, this is correct, but after the trip is completed, the motorist 
finds that it has taken 20 hours. In trying to discover where he 
lost the time, he reviews the journey from the beginning and 
recalls several necessary stops he had to make for various reasons. 
He decides, that in the future when planning a trip, he will have 
to make allowance for necessary and unavoidable delays. So it 
is with workers. An operator, experienced on a certain operation 
and giving a good effort, will find that he performs the operation 
in 10 minutes. If he works an 8-hour day, he should complete 
(8 X 60) + 10, or 48 pieces. At the end of the day, however, 
he always finds that he is a certain percentage short of this 
amount, and upon reflection, reasons that this cannot be avoided, 
for there are several things that interfere with his constant per- 
formance which cannot be eliminated. This condition makes it 
necessary to study and determine just how much must be added 
to the standard time to allow for time lost due to necessary and 
unavoidable delays. The making of correct and accurate 
allowances is just as important as the determining of the correct 
standard time, for it is evident that if a value which is correct 
is added to one that is incorrect, the result will be incorrect, and 
the resultant wrong time values will destroy the confidence and 
cooperation of the workers. Allowances are usually divided 
into four classes, namely, personal, fatigue, unavoidable delays, 
and special. 

Personal Allowances.—The first question of allowance to claim 
the attention of the time-study man is the allowance for personal 
requirements. The items which come under this class are few in 
number, and the amount of time used for this purpose varies 
with the person rather than with the conditions of the work. 
Thus the amount of time required by the average normal person 
should be determined and added to the standard time in the form 
of a constant percentage. 
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Fatigue Allowances.—The items which are classed as fatigue 
vary in number and amount according to the working conditions, 
job conditions, and the length of the operation. The question of 
fatigue has caused considerable discussion, and there have been 
various theories and ideas advanced concerning ways of counter- 
acting the effect of fatigue on the worker. Extensive experi- 
ments have been conducted to determine the effect that rest 
periods have on fatigue. Some very interesting results have been 
obtained from these experiments, but the results and claims are 
not consistent. This inconsistency is believed to be due to the 
human element. It is believed that a fair fatigue allowance 
should be determined and added to each job to be used at the 
discretion of the operator. Then those whose physical condition 
is such that they can work more steadily than others will get 
the benefit of the added effort in the form of increased earnings. 
This is fair to those who require rest periods as well as to those 
who do not, for physical capacity is one measure of ability and 
worth. There are some classes of work for which only the 
physically strong are fitted, and even the strongest can work only 
a comparatively small part of the time. The time-study man 
must determine the particular conditions surrounding each job 
and make allowances for them accordingly. 

Unavoidable Delays.—Unavoidable delays are delays which 
occur in spite of the efforts of the operator to prevent them. They 
are delays which are out of the control of the operator and may 
occur to the good as well as to the poor operator. It is true, of 
course, that a good operator with greater experience will have 
fewer delays than a poor fperator, but this is because of his 
better knowledge of conditions, acquired over a number of years, 
which permit him to plan ahead. The better man will gain in 
proportion to the amount which he reduces delays, which is but 
just. 

The unavoidable delays which may occur on a given class of 
work depend on the nature of the work and the conditions sur- 
rounding it. Where a machine is set up by a special set-up man, 
the operator may have to wait for a few minutes until the set-up is 
completed. If the time is long, he should be allowed to stamp 
an extra day-work time slip to cover the time spent in waiting. 
Where it is comparatively short, it will not pay him to make the 
necessary trips to the office, but he will lose the waiting time just 
the same. The delay allowance must cover this lost time. It 
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must also cover such small delays as those caused by an occasional 
hard or warped casting, the breakage of tools such as drills and 
taps, time spent on making minor repairs on patterns or core 
boxes, interruptions by foreman, production man, or engineers, 
delays at tool room or storerooms, time lost working on castings 
which are discovered to have blow holes after partial machining 
where the quantity is not great, and other similar small unavoid- 
able delays. 

It is always best to have as nearly ideal conditions as possible, 
and the time-study man should do all he can to insure this. 
Often such conditions do not exist, for the work may be of such a 
variable nature that to maintain conditions which would be 
considered ideal for all cases would be so expensive as to be pro- 
hibitive. In any event, the conditions should be as good as is 
practicable, the element of expense being taken into account. 
After the time-study man has determined what conditions should 
exist and has done what he can to bring them about, he should 
make a thorough analysis and study to determine every point 
where a loss of time may occur which would not be the fault of 
the operator. Thus he will arrive at the correct allowance to 
make for unavoidable delays. 

Special Allowances.— Within a given class of work, there may 
be certain jobs on which delays or fatigue are much greater than 
is usually the case. The ordinary allowances for fatigue and 
delays will not be great enough to cover these jobs. For instance, 
a blacksmith may have a few jobs on which the flow of work is 
practically steady and he will have no time between heats to rest. 
Here fatigue is greater than that covered by the usual allowance, 
and an additional special allowance must be made. 

Again, consider a man winding insulating tape on copper coils. 
These coils are ordinarily light enough to allow the operator to 
handle them by himself. Certain large sizes, however, are too 
large for him to handle alone, and he needs another man to help 
him. He may experience an unusual delay in waiting for a 
laborer to come and help him, and a special allowance must 
be made on these particular large jobs to cover time so lost. 

Certain materials require special allowances. A machine 
operator may have a greater amount of scrap when machining a 
particularly brittle material than he would ordinarily experience. 
For example, a milling-machine operator would not expect any 
scrap due to breaking or cracking of material when milling cast 
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iron or brass if he were using the proper speeds and feeds. When, 
however, he is working on an order of soapstone parts, he will 
have a certain amount of scrap due to the chipping of the edges 
even though he be using the speed and feed which have been 
established as best for doing the work. Here a special allowance 
must be added for milling jobs made out of this material. 

These few examples will suffice to show under what general 
conditions special allowances are required. 

Determination of Allowances.—The kind and the amount of 
allowances to be made should not be estimated nor decided in an 
arbitrary manner, but should be the result of thorough analysis 
and careful study. A number of individual workers are studied 
for a week or two, or even longer, depending on the variableness 
of the class of work. When the study is being taken, the overall 
time for each piece is noted as such and all delays are listed in 
the columns for foreign elements. If the overall time is long, 
more foreign elements may occur than there is space provided 
for on the time-study form. When the columns for foreign 
elements are filled, several columns in the body of the time-study 
form may be roughly blocked off in pencil and used for noting 
additional foreign elements. Such time studies should extend 
continuously over a full working day, and a careful watch should 
be kept of every move made by the operator. 

After the time study has been completed, the delays should be 
classified as personal, unavoidable, special, and unnecessary. 
Unnecessary delays or delays which may be purposely intro- 
duced by the operator should not be considered when establishing 
allowances, and the time thus consumed should be subtracted 
from the length of the working day before computing the other 
percentages. The time lost due to the other delays should be 
totaled and the percentage thus lost be computed by dividing 
time lost by the total length of the working day less time lost 
through unnecessary delays. After delay percentages have been 
found from several all-day studies on different operators, the 
results should be averaged. The percentages thus determined 
may be established as the allowance percentages for delays within 
the particular class of work on which the studies were made. 

The percentage to be allowed to care for fatigue may be found 
from these same studies. When the studies are taken, the skill 
of the operator and the effort exerted during the first part of the 
day should be noted. When the study is worked up, the overall 
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productive time for each piece may be found by deducting the 
time spent on foreign elements while the piece was being made 
from the overall time for that piece. The standard time for 
doing this particular operation should be established by a 
detailed time study. Now, if the operator observed on the all- 
day study has been properly rated as to skill and effort at the 
/beginning of the day, the net overall times for doing the job at 
the beginning of the day after being leveled should correspond 
closely with the standard time established by detailed ‘time study. 
That is, when a man for whom a leveling factor of 1.10 has been 
determined is working on a job having a standard time of 0.075 
hour, it will be found that his net overall time for each piece at 
the beginning of the day will range within a few per cent plus or 


075 3 : F 
minus of oo or 0.0682 hour. Expressing this algebraically, 


S 
Eee 
or TL = 3; 


where JL = leveling factor. 
S = standard time per piece. 
T = net overall time per piece. 


As the day progresses, the worker will begin to feel the effects 
of fatigue. His net overall times will start to increase because 
fatigue is slowing him up. If a detail time study were being 
taken on him, he would receive a lower effort rating than he 
did in the morning. If, however, the leveling factor is not 
changed, the above equation will no longer hold true but will 
become 
TL—d=S8S, 

where d is the amount of time the man is actually slowed up by 
fatigue. 

The time d lost due to fatigue will be an ever-increasing amount 
as the day progresses unless rest periods or change of work lessen 
the effects of fatigue. The total amount of time D thus lost 
during the day may be found from the sum of net overall times, 
O and the number of pieces worked N from the equation 


OD aD NS. 


or \ 
D = OL — NS. 
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The amount of time lost due to fatigue expressed in per cent may 
be found from the equation 


a) 100 = per cent fatigue factor, 
or 
OL : 
ee — 1) 100 = per cent fatigue factor. 


To illustrate this, an all-day time study was taken on the 
operation of making die castings. It was found that the operator 
spent his time during the day as follows: 


Per 

Cent 
Net overall time Makefcastings senate caenccrentn eaters 70.4 
Set-up ULI Ree et Sth oe Mees Oe Ate ata ARE ee ae 4.4 
Set-up Hillimachine with metalenncr.- esc seeeieele 6.4 
Unavoidable Nepal machine stools sel Ceaser 11.3 
Personal Drinks eter acess tet ces 0 fer eieateel «aise ae 3.5 
Set-up Prepare to-start and clean up............... 4.0 


The standard time per piece had been previously established as 
0.0098 hour. During an 82-hour day, the operator made 682 
castings. The leveling factor as determined from his morning 
rating was 1.12. Thus the amount of time lost by this operator 
due to fatigue was 


0.704 X 8.75 X 1.12 
682 x 0.0098. ~ 1) X 100 = 3.3 per cent 


The average of the fatigue factors thus found from several all- 
day studies will give a representative fatigue factor to use for 
that class of work. 


CHAPTER XV 
ALLOWED TIME 


After the time study has been worked up and the elemental 
standard times determined, and after a proper percentage allow- 
ance for existing conditions has been definitely established, it is 
necessary to determine the actual time value which will be given 
for doing the job. This time value is called the allowed time. 
It must include not only the time for performing the repetitive 
elements of the operation but also it must include the time for 
doing the non-repetitive or so-called set-up elements. In 
short, time must be allowed for every necessary operation per- 
formed in turning out a complete job on a number of pieces. 
There are several ways of handling this allowed time, and a brief 
discussion of the relative merits of each is given in the succeeding 
paragraphs. 

Determination of Set-up Time.—There are certain operations 
which are not repeated for every piece but which must be per- 
formed if the job is to be done. ‘These operations occur at the 
beginning and ending of a job and are known as the set-up 
operations. 

In determining the set-up time, the time-study man will study 
all the elements that occur while making the set-up and record 
the time for doing them. The same care and attention should 
be exercised in studying a set-up as when studying the operation 
to follow. This is especially true where the time allowed for the 
set-up is likely to be a large percentage of the total time allowed 
on a given job, for then, if the time-study man has been liberal 
by neglecting to take out foreign operations, the result will be 
the same as though he had been careless on the entire job and had 
established valies which were too high. On the other hand, if 
he had been careless by neglecting to consider some of the essen- 
tials in the set-up, the result would be the same as though he had 
established values which were too low on the entire job. The 
set-up includes such items as getting the job from the foreman or 
dispatch clerk, getting all information necessary such as drawings 
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and other specifications, studying the specifications to determine 
the job requirements and the tools needed, getting the tools from 
the tool room, and if necessary, properly grinding them, setting 
and adjusting tools and stops if a machine job, or making the 
preparatory set-up and adjustments of tools and equipment if a 
bench job, and making a trial piece or trial layout and having it 
approved by inspector and foreman. The foregoing operations 
usually occur at the beginning of a job. Still other operations 
which are considered as being part of the set-up occur at the 
ending of a job, for example, removing all special equipment that 
has been set up for the job just finished, returning this to the tool 
room, cleaning the machine or work station preparatory to start- 
ing the next job, making out a time card, and shipping the job 
just completed. 

After the time for each elemental operation of the above 
nature, exclusive of all foreign operations, has been carefully 
determined, the individual times are totaled. The result is 
established as the set-up time for the operation under considera- 
tion and is recorded as such to be allowed each time the job is 
worked. 

Determination of Time for Each Piece.—In the each-piece 
time should be included the total time necessary for doing all of 
the necessary repetitive elements of the operation, that is, all of 
the elements which are repeated each time the operation is 
performed. This is simply the sum of all of the elemental 
standard times for every element of one complete cycle of the 
operation, together with the proper allowances. The elemental 
standard times were determined from the time study taken on 
the operation. The percentage allowance was determined for 
the particular class of work by a series of studies extending over 
a number of full working days. The elemental allowed times 
were found by increasing the elemental standard times by the 
proper per cent allowance. Finally, the allowed time for each 
piece will be the sum of these elemental allowed times, each ele- 
ment being multiplied by the number of times it occurs in one 
cycle. 

Distribution of Set-up Time over Manufacturing Quantities.— 
This method of handling allowed time is rather crude and is not 
very accurate, but it is at least workable. The manufacturing 
quantity in which the job is likely to be put through the shop is 
determined by past records or is merely estimated. Then the 
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time required for set-up operations is divided by the number of 
pieces in the job lot to determine how much of the set-up time 
shall be apportioned to each piece. This time is added to the 
each-piece time, and the result is the allowed time for each piece 
for doing the operation. 

If the job always comes through in the predetermined quanti- 
ties, this method will give an accurate time value for the job. 
This is, however, seldom the case. An unforeseen large order 
will give the worker an advantage, for the set-up time will be 
distributed over a greater number of pieces. If the job occurs in 
smaller quantities, the worker will be correspondingly penalized. 
If a shortage occurs due to defective material or workmanship, 
the worker may have to make a complete set-up for only one 
or two pieces. Obviously, in this case, he will fail to meet the 
allowed time by a large amount. Costs as determined from 
these allowed times will not be accurate if the manufacturing 
quantities vary. They will, however, be easy to compute since 
only one time value must be considered. 

In order to overcome the chief objection to this method, that 
of inaccuracy when the manufacturing quantities vary, sometimes 
several allowed times are established depending on the number 
of pieces on order. The allowed time per piece will be a certain 
amount on lots up to 10 pieces. Between 10 and 20 pieces it 
will be another value slightly less than the first and soon. The 
accuracy of this method depends on how finely the divisions are 
made. In determining the cost of doing the job, the actual cost 
is more closely approached. The cost system, on the other hand, 
is more complicated, paper work is greatly increased, and record 
files are more cumbersome. 

The Set-up as a Separate Allowed Time.—Often, the set-up is 
an entirely separate operation, that is, the set-up is made without 
actually completing any work, or again, the set-up is made by 
an entirely different operator from the one who uses the set-up 
to do the job. The reasons for this latter condition are several. 
It may be that the class of operator required to make the set-up is 
high, while the class of operator required to use it is compara- 
tively low. Ina case of this kind, it is readily seen that it would 
be considerably cheaper to have set-up men to take care of the 
setting up of a group of machines. The same thing is true of 
work other than machine work. For example, in making large 
transformers, one of the operations is known as “‘building.’’ 
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Preparatory to building, it is necessary to set up the job, which 
consists of blocking up the base and setting up the frame, coils, 
and insulation. This work is done by a group of men who are 
specialists in this line. Thus there are always set-ups ahead of 
the other lower-grade men who go from one set-up to another to 
build up the iron laminations. Another advantage derived from 
having set-up men is continuous ,performance or elimination of 
lost time. This is accomplished by having extra machines always 
set up so that when an operator finishes a job on one machine, he 
moves over to another machine to do the next job which is already 
set up. It is, of course, to be understood that the conditions 
will warrant the investment in the additional machines. In 
any of the above or similar cases, it is desirable and proper to 
establish the set-up time as a separate allowance and record it 
accordingly. 

Partial Set-ups.—By a partial set-up is meant a set-up where 
all set-up operations do not have to be performed, because due 
to similarity of jobs, part of the set-up already made need not be 
disturbed. For example, one of the tools used in making a part 
on a J. & L. turret lathe may be used without adjustment on 
the next job. As a result, only five tools need to be set up. 
In such a case, should the set-up man be paid for setting up only 
five tools or should he be allowed time for setting the entire six? 

At first glance, it might seem that the operator should be paid 
only for what he does. If he needs to set but five of six tools 
necessary for doing a certain job, he should be paid for setting 
five. Theoretically, this is as it should be, but there are several 
other practical considerations involved. 

Where set-up time is short and where a large variety of com- 
paratively short orders is worked daily, it is exceedingly hard to 
give partial set-ups. It is not generally possible to have the 
foreman or the time-study man check every set-up, and it is 
generally necessary to rely on the honesty of the set-up man or of 
the machine operator himself for information regarding set-ups. 
Men who are absolutely honest with each other outside the shop 
seem to regard a large company in a different light, and it is 
often very hard to make them feel that they are doing wrong when 
they turn in time undetected for something they have not done. 
It is safe to say that the majority of operators will not be consci- 
entious about reporting partial set-ups. If they do not report 
them, they will get paid for full set-ups. They know that they 
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are “putting something over” on the company, and the psycho- 
logical effect is bad. They are likely to exceed bounds in other 
directions, if they are given a little leeway in one. 

Supervision by responsible persons is generally out of the ques- 
tion, because the additional expense involved is not offset by the 
savings made. 

Another factor that is very important is that when set-ups are 
controlled, there is no incentive for the operators to plan their 
work to the best advantage. Since they get paid only for what 
they do, they do not care whether they make all complete set-ups 
or not. On the other hand, if they are allowed complete set-ups 
on all jobs, they will plan so that every minute that it is possible 
to save on set-ups is saved. Thus production is speeded up. 

With the above considerations in mind, it seems best on work 
where set-ups are short and the time which may be saved small 
to allow complete set-ups on all jobs. Supervisory expense is 
reduced, overhead is reduced for this reason and because produc- 
tion is increased, and the psychological effect on the workers is 
better. 

Where set-ups amount to considerable time, it generally takes 
longer to complete the jobs themselves. It is easier for the 
supervisors in the department to keep track of the various jobs 
and note when only partial set-ups are necessary. In this case, 
it will pay to control set-ups. 

Whether or not it will pay to control the set-ups on a given line 
of work may be determined by the time-study department with 
the above considerations taken into account. 

First-piece and Additional-piece Time.— Under this method, a 
certain time value is allowed for doing the first piece and another 
for doing each additional piece. The first-piece time allows 
time for every operation which would be performed if only one 
piece were made. It includes the set-up time and the time for 
performing the repetitive operations for one complete cycle. 

The repetitive operations performed on the first piece will 
generally not be done in the same time that the same operations 
are done on succeeding pieces. The operator will not have had a 
chance to get into the swing of the work, and he will take more 
time to do the first piece. On machine work, he will have to 
check and measure the piece more often than he will after he 
becomes familiar with the correct positions of his stops and dials. 
In bench work, certain difficulties will appear which the operator 
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will subsequently overcome when he has become accustomed to 
the job. In molding, a molder may not prepare his parting 
exactly right the first time, causing a breakage of a section of 
sand and later necessitating extra patching. On the following 
pieces, he will know exactly how to prepare the parting, no break- 
age will occur, and the total operation will be performed in less 
time. So it is in practically every line of work, and hence the 
sum of the set-up and the additional-piece times will not give a 
true first-piece time. Instead, the first-piece time is computed 
by adding to the set-up time the additional-piece time increased 
by a certain percentage to care for the delays experienced on the 
first piece. The additional-piece time is, of course, the allowed 
each-piece time as determined by time study. 

This method of handling allowed time gives very accurate 
costs, since the costs will be based on the time actually spent on 
the job. The job may be billed at actual cost, or as is more 
common, in order to avoid constantly changing costs, the addi- 
tional cost of the first piece is absorbed in the overhead expense, 
and the cost figured on the additional-piece-time value. 

Special Allowed Time.—Very often it is necessary to allow 
extra time for conditions which were not considered in establish- 
ing the standard allowance. A large lot of extra-hard castings 
may be encountered which will necessitate a lower machine feed 
and a smaller cutting speed than that which has been established, 
or an order of castings may be out of shape due to poor molding 
or warping, causing a loss of time in chucking and handling. 
Again, a job may be wanted in a hurry and the material out of 
which the job is to be made is out of stock, thus making it neces- 
sary to substitute some other material which will answer the 
purpose, but which may be harder to machine if a machine job, 
or harder to file, saw, or bend if a bench job. Extra time must 
be allowed to take care of such conditions. The amount of 
extra time should be determined by time study and added to the 
standard allowance, and given as a special allowed time for that 
particular order only. Other examples where special allowed 
times are necessary are where work is performed on a machine 
which is in need of repair, where proper tools are not available, 
where existing conditions are not right for a special job, where 
work is in a state of development, or where a temporary change 
in design has been made. The examples here given will suffice to 
show when a special allowed time is warranted. The above 
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conditions may also be taken care of by having the work done on 
the straight day-work basis, but it will usually be found more 
satisfactory to the worker and more economical to the employer 
to make a special allowance wherever the extra time can be 
intelligently determined. 
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Fig. 34.—Instruction sheet for job on which model time study was made. 


Individual conditions will determine which of these systems 
may be applied most advantageously. A shop manufactur- 
ing a standard product might use the method of distributing 
set-up time over manufacturing quantities most conveniently, 
while the job shop would find the method of first-piece and addi- 
tional-piece time best suited to its conditions. The point to be 


140 TIME AND MOTION STUDY 


borne in mind is that the time spent on set-up operations must 
be allowed for when establishing a time value for doing a job. 
The allowed time, regardless of the method used, must be the 
standard time for performing the complete operation together 
with all time allowances for fatigue, delays, and the like. 

Instruction Sheet.—When an operation has been thoroughly 
studied and the best method for doing it has been determined, 
this method should always be used. The operator may be taught 
the proper method by the foreman or by a special instructor, or 
he may be guided by an instruction sheet. An instruction sheet 
for the operation covered by the model time study is shown in 
Fig. 34. It gives the detail operations in the order in which they 
should be performed, and it tells what feeds and speeds to use. 

Instruction by the foreman or an instructor is not so exact 
and consistent as the other method, but it is more practicable. 
Making instruction sheets and keeping them up to data involves a 
tremendous amount of clerical work where the nature of the work 
is at all varied. In plants making a standard product or in proc- 
essing industries where methods are not changed frequently, 
instruction sheets are easier to keep up. The very fact, however, 
that changes are not made frequently enables the operators to 
learn all of the details of their work by heart, thus defeating the 
purpose of the instruction sheet, 


CHAPTER XVI 
STUDYING EXISTING CONDITIONS 


The advantages of having working conditions as nearly ideal 
as possible before making time studies have been fully discussed, 
but it must not be concluded that poor working conditions, 
obsolete or inadequate equipment and out-of-date methods are 
sufficient to prohibit satisfactory results from time-study work. 
It must be remembered that time study is industry’s tool and 
even though it is sometimes impossible to apply it to the maximum 
advantage, it will, nevertheless, pay for itself many times over 
wherever it is introduced for the first time, provided it is in the 
hands of those who understand it and know how to use it. The 
last-named provision is especially necessary, for scientific time 
study has suffered greatly at the hands of novices and self- 
styled experts. It is just as wrong to put time study into the 
hands of untrained and incompetent clerks as it is to put a high- 
grade scientific instrument into the hands of an ordinary laborer 
and expect good results. In fact, the harm that can result in 
the first case may be much greater than any that could possibly 
result in the second. The damage that the laborer can do is 
probably limited to the value of the instrument and can be 
measured in dollars and cents, but wrongly applied time study 
may result not only in a direct and measurable financial loss 
but also in a detrimental effect upon the morale of the working 
force and upon the confidence of the management. It is in 
those places where time study has never been tried that the con- 
fidence and support of the management must be secured and 
maintained. Time study must pay its own way and also leave 
a comfortable margin of profit in order to justify its existence. 
In the beginning, then, it is sometimes necessary to show results 
quickly and not call for large financial outlays for improved 
equipment or rearrangement of working facilities. If the 
management is somewhat skeptical of the benefits from the 
beginning, it is not good policy to increase existing doubts by 
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insisting upon expensive changes, nor is it necessary. In fact, 
it is in the initial stages of time-study work that the greatest 
savings can be effected for the money expended. As greater 
refinements are introduced and manufacturing methods become 
more highly organized, the effect of the Law of Diminishing 
Returns becomes evident, for the increased savings are no longer 
proportional to the increased cost of maintaining time-study 
work. It still pays but it does not pay so high a return on the 
investment as it did at the beginning. There is a theoretical 
saturation point beyond which further refinements in time-study 
work are no longer profitable, although it is doubtful if this point 
has ever been reached as a practical matter on account of the 
ever-changing conditions in industry. It is, therefore, often 
necessary to study conditions almost as the time-study man finds 
them and then by further study revise the original time values 
as improvements are made by the management. 

Wherever labor can be measured and, thanks to time study, 
it is indeed a rare case that cannot be measured, that labor can 
be placed on an incentive method of wage payment. ‘There are 
a number of meritorious systems of wage payment, all of which 
are based on time study. The primary intent of this book is to 
explain the methods and uses of time study and not to champion 
any particular system of wage payment. It is understood, of 
course, that the economic value of time study can be realized 

‘only through the medium of a good incentive system of wage 
payment. On the other hand, no system of wage payment can 
long survive that is not founded upon an accurate method for 
measuring human effort. Analytical time study is the most 
practicable and feasible means to this end that has so far been 
developed. Thus it will be seen that the wage-payment system 
and time study upon which the former is constructed go hand in 
hand, and the success of each depends to a large extent upon the 
worthiness of the other. The mistake is sometimes made of 
overlooking the influence of good time-study work and giving to 
the wage-payment system too large a share of the credit for 
savings. The best-known wage-payment system would quickly 
fall into ill repute if established time values were incorrect and 
inconsistent. Hence, it is highly desirable to ascertain, when 
inaugurating time-study work in a plant, first, that it be done by 
those who thoroughly understand their business, and second, that 
a good wage-payment system be used in applying it. Incident- 
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ally, a number of the leading wage-payment systems and their 
applications are briefly discussed in Chap. XX XVII. 

Time study has been referred to as a tool. The analogy may 
be carried further by comparing it specifically to a machine tool, 
an engine lathe, for instance. The primary function of an engine 
lathe is to remove metal from raw stock until the piece is brought 
down to the desired dimensions. This is not done, however, in 
one operation. First, there are one or more roughing cuts with 
heavy feeds that take off the outer scale and irregularities and 
more closely approach the finish dimensions, say to within 
ys inch. Then, perhaps there is a semifinishing cut with a fine 
feed that brings the dimensions to within 7; inch, and finally 
the finishing cut. If still greater accuracy is desired, the job 
will probably be transferred to a grinder. The raw casting may 
be compared with the plant in which no time-study work or 
incentive systems have ever been tried. Like the lathe operator 
who takes the casting as it comes from the foundry and proceeds 
to set up his machine for the roughing cut, so does the trained 
time-study man go into the plant and study things just as he 
finds them. The first roughing cut removes considerable of 
the excess metal, perhaps over half of it. In like manner can the 
time-study man establish time values and apply an incentive 
system of wage payment that will, on the first attempt, with 
practically no improvement in equipment or conditions, effect 
an enormous saving in labor costs, perhaps as much as half of 
the total saving that will ever be possible even after all justifiable 
improvements have been made. To secure the additional 
possible saving will doubtless require more than a proportionate 
increase in effort and expense just as it cost more to remove the 
second half of the excess metal on the lathe operation; yet the 
work should be carried on because the theoretical saturation 
point previously referred to has not been nearly attained. 
Innumerable examples could be quoted of the enormous savings 
that have been effected by the initial application of time-study 
methods and the placing of day-work operations on an incentive 
system of wage payment. It will suffice for present purposes to 
give but a few typical examples covering a wide variety of jobs. 

Making Reinforced-concrete Slabs.—The product on this 
job was a flat slab of reinforced concrete about 5 feet long by 2 
feet wide by 2 inches thick, to be used for roofing factory build- 
ings. The concrete was mixed and poured into flat molds using 
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cut-steel mesh for reinforcing. A group of laborers were doing 
the work for a flat hourly rate corresponding to the prevailing 
rates for that class of work. Before any time studies were made, 
the production was around 80 slabs daily. Only a short time 
(1 week) was required to get the necessary time studies and the 
job was put on an appropriate incentive wage-payment basis. 
Practically no changes were made in the manner of doing the 
work and in the equipment used; yet within the amazingly short 
time of 2 weeks after the incentive wage system was started, 
production increased to 425 slabs per day with the same crew of 
men. Each man’s earnings were nearly doubled but this was 
more than justified by over a 400 per cent increase in production, 
and more than a 62 per cent decrease in unit labor cost. 

Cleaning Castings in Alloy Foundry.—The work of cleaning 
castings covered such things as knocking out core sand, sand 
blasting, cutting off sprues, gates, and risers, grinding off fins 
and other rough surfaces, washing when required, and chipping 
and filing when necessary. The work was very disagreeable and 
undesirable, and labor turnover was very high. It was 
extremely difficult to keep men on the job when labor was scarce. 
Before the work was analyzed and studied, a crew of 78 men was 
necessary to keep up with foundry production, which normally 
was around 600,000 pounds of finished castings per month. In 
this case some changes weré at first recommended by the time- 
study man, but the management was reluctant to carry out the 
recommendations and the work was studied without the changes 
being made. ‘Two months after the time studies were completed 
and the incentive system started, the work that had required 
a gang of 78 men was being done by 32 men. Individual earnings 
were increased 35 per cent but against that was an increase in 
individual production of 144 per cent and a reduction in the force 
of 59 per cent. The actual saving in labor cost was equivalent 
to 35 men or about 45 per cent. 

Removing Excess Gum Tape from Armature Coils.—This was 
another disagreeable job on which the labor problem was always 
acute. It was somewhat isolated from the other work in the 
department which made close supervision impossible, and the 
laborers employed doubtlessly took advantage of this situation. 
The five men on the job were sometimes unable to keep up with 
the flow of work. Time study and an incentive system brought 
about the almost unbelievable results of eliminating four of these 
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five men. The one man who continued to do the work increased 
his earnings about 67 per cent, but the net saving in labor cost 
was also about 67 per cent, and individual production was 
increased 400 per cent. 

Storeroom Work.—A group of 14 men were employed in a 
storeroom. Their work consisted of receiving, storing, and 
supplying material to workmen in a large manufacturing depart- 
ment. In busy times there was an average of about 90 man- 
hours a week of overtime at time and one half, which would have 
been equivalent to3 extra menor making an equivalent of a group 
of 17 men working regular hours. These men were not particu- 
larly interested in the production on the manufacturing floor. 
It was necessary for workmen to go to the storeroom frequently 
for material, and in general the service was poor. The incentive 
system that was established after sufficient time studies had 
been made provided that the earnings of the storeroom attend- 
ants should be determined by the volume of finished work pro- 
duced by the department. This definitely tied the storeroom to 
the production activities, and the attendants were definitely 
mereasing their own earnings when they helped the producers 
on the floor to a greater output. The original force equivalent to 
17 men in busy times was reduced to 9 men with an average 
increase in individual earnings of 25 per cent. 

Crating Finished Product for Shipment.—Ten rough carpenters 
were regularly employed on astraight hourly basis on this particu- 
lar job, which was attended with the usual difficulties of a day- 
work job where steady flow is required. The work consisted of 
taking the piece of apparatus from an industrial car as it came 
from the manufacturing floor, placing it in the crate which had 
been previously placed on a roller conveyor, blocking the machine 
inside the crate, nailing on the lid, marking, and stacking prepar- 
atory to shipment. After the job was studied and placed on an 
incentive system of wage payment by a competent time-study 
man, the number of men in the group was gradually reduced from 
the original 10 until only 2 of the best men remained. The day- 
work rate had originally been about 53 cents an hour making 
a total labor cost of $5.30 an hour. Under the new incentive 
plan each man earned $1.10 an hour making a total hourly 
labor cost of $2.20. This was an increase in individual earnings 
of about 108 per cent, but to offset this their individual produc- 
tion had increased 400 per cent, the total force had been reduced 
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80 per cent, and a saving of over 58 per cent in labor costs had 
been effected. 

Band-saw Operation.—Three band saws were employed exclu- 
sively on sawing asbestos lumber. Three men were employed on 
day turn and three on night turn, making six men in all working 
the equivalent of regular day-turn hours. They were paid 53 
cents an hour on a day-work basis. Time studies were made 
and the work was put on an incentive basis of wage payment. 
Some minor changes, such as changing the speed of the saws, were 
recommended by the time-study man and adopted, but none of 
them involved additional expense or delay. Within 3 months 
two men were doing the work formerly done by the six. The new 
earnings were 90 cents an hour, an increase of 70 per cent, but 
individual production was increased 200 per cent and the cost 
was reduced over 48 per cent. 

Summary of Examples.—In selecting the foregoing examples of 
quick results from time-study work, it was not only the intent to 
show what enormous savings are sometimes possible, but also to 
show the practically unlimited application of time study by 
taking examples that represent greatly diversified lines of work, 
The results of these examples are briefly summarized below: 


Increase ; Increase : 
: Reduction]. . |... Saving in 
in produc- : in individ- 
: in labor 
tion per ual earn- 
force, ; cost, 
ee er cent ngs) per cent 
per cent P per cent 
Making concrete slabs..... 400 0) 100 62 
Cleaning castings......... 144 59 35 45 
Removing gum tape....... 400 80 67 67 
Storeroomberee er eerie 88 47 25 34 
Cra tin paeee rws, tet myeete 400 80 108 58 
Bandisaws aero: wnat. 200 67 70 43 


CHAPTER XVII 
USING THE TIME STUDY 


Preceding chapters have been devoted almost exclusively to 
explanations and discussions of how reliable time studies are 
made, and now one might well ask, ‘“‘How are they used?” or 
“Of what value are the results?’”’ These questions cannot be 
fully answered in one brief sentence, but much of the answer is 
contained in the statement that they make it possible to measure 
human effort in an equitable and consistent manner. Chief 
among the numerous advantages of being able to measure human 
effort accurately are those that accrue from using the results as 
foundations for incentive methods of wage payment. The 
employer can purchase labor on the basis of the work accomplished 
and the employee can sell it for what it is actually worth—he gets 
paid for what he does. Some of the other applications of time- 
study results are in the laying out of production schedules, the 
calculation of past and the prediction of future costs and the 
determination of equipment capacities when planning for increased 
production. Regardless of the ways in which time-study results 
are ultimately used, the methods of making the studies and of 
determining those results are not materially affected. It is the 
intent and purpose of this book to show how time studies should 
be made and not to attempt to limit their application which is 
actually very wide, although it might appear at times that the 
authors are thinking only of their application to wage payment. 
It is in this connection that they have been used most extensively, 
and naturally there is a more prolific supply of examples in this 
field. Hence, the attention of the reader has been and will 
continue to be directed to this particular application. 

Wage Payment.—From the wage-payment viewpoint, it is 
necessary, of course, to have a good wage-payment plan in order | 
to realize fully the economic value of time study. Every good 
wage-payment plan provides that earnings will be determined by 
the amount of useful work accomplished. In some systems, 
compensation is directly proportional to output; if output is 
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doubled, earnings are doubled. The straight piece-work plan is 
a good example of this type. Other plans provide that earnings 
increase with increased output but not in the same proportion, 
on the theory that increased output does not necessarily demand 
a proportional increase in effort. 

Another way in which wage-payment plans differ is in the terms 
used to express job allowances. The two chief ways of expressing 
allowances are directly in terms of money and in terms of so 
many units of time. Referring again to the straight piece-work 
system, one finds there the best example of using money directly 
as the allowance for each unit of output. For every unit com- 
pleted, the worker is paid a definite amount of money, and the 
computation of his total earnings over a definite time is a very 
simple matter. The number of units completed is merely 
multiplied by the amount of money allowed for each. In the 
majority of approved systems, however, the unit allowance is 
expressed as so much time, and by various methods of calculation 
involving the total of the time, allowance and a monetary rate, 
the earnings are calculated. 

In any case and regardless of the wage-payment plan being used, 
the fundamental method for determining unit allowances is 
time study. The allowed time as determined by time study may 
be used without alteration, or it may be converted into other 
terms according to the wage-payment plan in use, but it must be 
remembered that time study is the foundation of the entire 
structure. 

Individual Job Values.—Many time studies are made with no 
other object than to establish a time value for the one particular 
job under consideration, and with this done, there is apparently 
no other immediate use for it. It is accordingly filed away 
against the time when some future use for it might develop. 

Time-study Reference File.—This file should be maintained 
so that the individual time studies may be readily found for 
reference purposes. There are various methods of filing time 
studies, depending upon local plant conditions and subdivisions 
of manufacturing operations. In one case, it may be best to file 
studies by the departments in which the work was performed; in 
other cases, classification according to classes of work or types of 
machine tool equipment may be best. 

This file will be comprised largely of miscellaneous studies 
on various lines of work on which sufficient studies have not been 
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made to make possible the construction of a formula, because of 
the low activity of the work or because of an insufficient number 
of trained time-study men in the organization to do more than 
take care of immediate pressing demands. Some of the individ- 
ual studies will probably be independent of and have no relation 
to the others, having been made with no other object than to 
determine a time allowance for one particular job. To make a 
time study with this single purpose in view may be justifiable, 
and it may even be justifiable to do it again and again, but if 
there are frequent repetitions on similar jobs that fall in. the 
same general class of work, the uses of the data secured from 
representative studies may be extended to cover the entire class 
of work. This may be done by compiling standard data or by 
constructing formulas by which the time value may be readily 
determined for any job in the class, without the necessity of 
actually making a separate time study. 

Standard Data.—A compilation of standard data is merely a 
list of all the different elements that have occurred in all the time 
studies made on a given class of work and the corresponding 
time values for each. Every element that differs even slightly 
from every other element has its own time value. When a job 
comes up on which no time value has been previously established, 
the standard data are referred to and a time value selected for 
each of the elements of the job. It is generally necessary to go on 
the floor and make an analytical motion study in order to deter- 
mine the elements that are required for the operation. It may 
be found that some of the elements of the jobs are not included 
in the standard data because they had not previously occurred 
in any of the studies from which the list was made. In this case, 
those elements should be studied and included with their time 
values in the standard data. 

The standard-data method is frequently used to advantage on 
machining operations where a considerable part of the time for 
the operation is cutting time which can be calculated from the 
speed, feed, and depth of cut. A list is generally made up for 
each type of machine tool, and this list includes values for the 
various motions necessary for the manipulation and operation of 
each particular machine. In other words, a study is made of the 
machine rather than the work. The merit in this plan is readily 
seen when one considers that the piece upon which the work is 
being done will have little, if any, influence on the time required 
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to manipulate the different parts of the machine, because they 
have a definite mechanical relation to each other. For example, 
such elements as “start machine,” “‘stop machine,” ‘release 


Sheet 1 
StranpARD Dara—Avey Sensitive Dritt Press 
Procedure for Using Avey Sensitive Drill Press Data 

. Take a careful motion study of the proper sequence of operations. 

. Pick out the proper time for each operation from sheet 3 or 4. 

. Measure the distance of metal to be drilled and add the length of 
the drill lead (as specified in table on Sheet 1 or 2) and multiply that 
sum by the proper time to drill 1 inch as shown in table on Sheet 1 
or 2. 

. The total sum of all the values selected will be the time allowed to 
perform the operation on each piece. 

. Time values for tapping operations are found by using the formula 
shown on Sheet 2. 

. Time values for setting up the machine are shown on Sheet 5. 


TABLE OF DRILLING VALUES 
Time to Drill 1 Inch with Hand Feed 


Brass Cast iron Medium steel 


peu Length 
diam- of = d Speed. Speed. Speed. 

eter in sie ¥ Revolu- | Time in] Revolu- | Timein | Revolu- Time in 
: in inches | ,. x ; 

inches tions per | hours tions per| hours tions per hours 


minute minute minute 


Carbon-steel drills 


0.00102 1,240 . 00425 1,020 
0.00110 1,060 . 00450 900 
0.00118 920 .00475 820 
0.00124 850 . 00500 740 
0.00130 830 -00515 680 
0.00136 830 . 00530 640 


he ole SE ae tle a» 


High-speed steel drills 


0.00140 1,360 
0.00145 1,300 
0.00148 1,240 
0.00151 1,170 
0.00155 1,120 
0.00160 1,070 
0.00162 1,020 


Bie tle Sle SS 2 Ss 


Fig. 35a.—Standard data for Avey sensitive drill press. 


power feed,” “remove tool,’ and “adjust stops” should require 
the same amount of time regardless of differences in pieces being 
worked upon. The work that can be done ona particular machine 
tool is limited by the physical characteristics and dimensions of 
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TABLE or Driniuina VALUES 
Time to Drill 1 Inch with Hand Feed 


Sheet 2 


151 


Brass 


bab Length 

Sache of lead in Speed i 
eter i avehen Revolu- | Time in 
inches tions per} hours 


minute 


High-speed Steel Dril 


. 00164 
.00165 
. 00168 
. 00170 
.00172 
. 00175 
00177 
.00179 
. 00181 
00183 
00183 
00187 
. 00189 
.00191 
00193 
. 00195 
.00197 
. 00201 
00203 
. 00204 
00206 
00208 
00210 
00212 
. 00214 
00216 
. 00218 
. 00220 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


eoesessesooooocseoocosesoocoosocooococscoscS 


Oo 
to 
to 
on 


Cast iron 


Speed 
Revolu- 


tions per hours 


minute 


Medium steel 


Time in 


Speed 


Revolu- 
tions per 
minute 


Time in 


hours 


975 
930 
885 
845 
805 
770 
740 
710 
680 
660 
635 
615 
595 
575 
555 
540 
520 
505 
485 
475 
460 
450 
440 
435 
430 
425 
420 
420 


.00305 
. 00310 
.00315 
. 00320 
. 00325 
.00330 
.00335 
.00340 
. 00345 
. 00350 
. 00355 
. 00360 
00360 
00365 
00370 
00375 
00380 
. 00385 
.00390 
. 00395 
. 00400 
.00405 
. 00410 
.00415 
. 00420 
. 00425 
.00430° 
. 00430 


cooocooococecoocooocooqocoeoooqoooqcooococos 


Formula for Tapping Values 


P = pitch of thread 
L = distance tapped 


S = speed of tap in revolutions per minute 
Medium Steel 


Brass 
é 0.0584 PL 
Time = Perera 
4—40 to 20-18 1,250 r.p.m. 
8-16 to ,%—-32 950 r.p.m. 


Time = 
4-40 to 8-32 


12-24 to 20-18 


Cast Iron 


Time = 
4--40 to 20-18 


8-16 to *«-32 
§-20 to %—24 


S 


§-16 to -18 
18-32 


0.0637 PL 


= 900 r.p.m. 
= 500 r.p.m. 
= 450 r.p.m. 


_ 0.0743 PL 


S 


500 r.p.m. 
900 r.p.m. 
275 r.p.m. 
500 r.p.m. 


Fic. 35b.—Standard data for Avey sensitive drill press. 
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the machine. Hence, it is logical that the machine itself should 
be made the basis of study on work of this kind rather than 
the piece or part being made. Figures 35a to 35e inclusive 
illustrate the form in which standard data are compiled. ‘This 
particular set of standard data was compiled for setting time 
values on drilling done on No. 2 Avey sensitive drill presses. 


Sheet 3 
Avry SENSITIVE Dritt Press STANDARD OPERATIONS 
Part Handling 


. Set small part in jig 

Set medium part in jig 

Set large part in jig 

Tighten screw or locater (per screw) by hand 
Tighten screw or locater (per screw) spanner wrench.................. 0. 
Tighten thumb nut (per thumb nut) by hand 
Tighten Hex nut (per nut) use open-end wrench 
Close cover (all sizes) 

Put on cover 

. Put on clamp (per clamp) 

. Release thumb nut (per thumb nut) by hand 

. Release Hex nut (per nut) use open-end wrench 
. Open cover 

. Remove small and medium parts from jig 

. Remove large parts from jig 

. Remove clamp (per clamp) 

. Place small or medium part on drill table 

. Place large part on drill table 

. Remove smali or medium part from drill table. . 

. Remove large part from drill table 

. Move small jig or part to first spindle 

. Move medium jig or part to first spindle 

. Move large jig or part to first spindle 

. Move small jig or part from spindle to spindle 

. Move medium j jig or part from spindle to spindle. . 
. Move large jig or part from spindle to spindle 

. Move small jig or part from hole to hole 

. Move medium jig or part from hole to hole 

. Move large jig or part from hole to hole 

. Get small part 

. Get medium part 

. Get large part , 

. Place small part in vise and tighten 

. Place medium part in vise and tighten 

. Place large part in vise and tighten 

. Release vise 

. Remove and lay aside small part 

. Remove and lay aside medium part 

. Remove and lay aside large part 

. Blow cuttings from small or medium jig (air hose) 
. Blow cuttings from large jig (air hose) 

. Clean jig (turn over) 

. Clean jig with brush 

. Insert or remove bushing 


SO COTS CNP RO Ee 


Fig. 35e.—Standard data for Avey sensitive drill press. 


It includes, besides time values for all elements which will be 
performed in making set-ups and in drilling cast-iron, steel, 
and brass parts, tables of drilling and tapping time values. 
Thus it is possible to establish time values by merely noting what 
elements must be performed and by determining the number, 
size, and depth of holes drilled. 
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Sheet 4 
Avery Sensitive Dritt Press STANDARD OPERATIONS 


Drill from Layout 


. Raise or lower spindle 


. Drill (see chart) 

. Tap (see chart) 

. Redrill fiber (per inch) 

a Countersinksmetaliheht) snr coe tiet cele chi cir atecice ow cr licks netibns 
. Countersink fiber (light) 

- Countersink metal (deep) 

. Countersink fiber (deep) 


A 

B. 
C. 
D 

E. 
E. 
G. 
H 
ihe 

J. 
K 
L. 
M 
N 
O. 
IE 
Q 

R 

S. 
Ih 


Fic. 35d.—Standard data for Avey sensitive drill press. 


Sheet 5 
AvrEY SENSITIVE Dritt Press Set-up VALUES 


. Set jig or vise on table 


Check drawing 
Place tool or chuck in spindle 


. Place tool in chuck 


Remove tool or chuck from spindle..................... 
Remove tool from chuck 
Place tapper in spindle 


. Place tapper collar on spindle 


Tighten tapper collar 
Loosen tapper collar 


. Remove tapper from spindle 


Place tap in tapper 


. Remove tap from tapper 
. Set table to proper height......... 


Place speed-reducing pulley on spindle 
Remove speed-reducing pulley from spindle 


. Set spindle support 
. Set spindle stop 


Clean table 


. Sort out tool (each) 


Total time allowed for first piece = 
(values selected from above table) + (time allowed for each piece). 


Fig. 35e.—Standard data for Avey sensitive drill press. 
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Fig. 37.—Motion study of drilling operation with appropriate time values filled in from standard data. 
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Figure 36 shows how a motion study is taken on the operation 
of drilling a hole 4 inch in diameter 7°; inch deep in a cast-iron 
bracket held in a jig. Every elemental operation performed 
is recorded while actually watching the work being done. The 
time-study man may then fill in the standard allowed time for 
each element from the value given in his standard data as shown 
in Fig. 37. Since drilling time per inch is given by the drilling 
table, he is able to compute drilling time for any depth of hole 
by multiplying the table value by the depth drilled plus the lead 
for the proper size of drill. 

The back of the time-study form is then filled out as shown in 
Fig. 38. A list of the elementsallowed for the set-up together with 
the corresponding time values should be here shown. The com- 
putations for arriving at the allowed drilling time and the final 
established time value should also be given. Aside from this, 
only enough information clearly to identify the job need be 
recorded. After the time value has been established, the time- 
study sheet should be filed away so that it will be available for 
reference if at any future time the established value is questioned. 

The Formula.—The method in which time-study data are most 
profitably employed is in the construction of formulas for setting 
time values. A comparatively small number of good representa- 
tive time studies is sufficient material with which to make a 
formula that will apply to the entire class of work. The obvious 
advantages of using time study data in this way are that con- 
siderable time is saved in establishing time values by formula 
rather than by individual time study, that the values are more 
likely to be consistent, that they can be determined from working 
drawings and other manufacturing information without the 
necessity of actually observing the operation being performed, 
and that a high-grade analytical time-study man is not required 
to apply the formula even though he might have been required 
to make it. 
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CHAPTER XVIII 
PRINCIPLES OF FORMULA CONSTRUCTION 


In the first part of this book, the formula has been mentioned 
several times when bringing out reasons for certain details of 
the procedure for making time studies. Just what was meant 
may have been somewhat vague to those who are unfamiliar 
with the application of formulas to the work of establishing 
time allowances. It is the purpose of this chapter, therefore, 
to give a general idea of what formulas used in this connection 
are before passing on to a detailed account of how they are 
compiled. 

Formulas and Their Application to Time-study Work.—A 
formula may be defined as the expression of a general fact, rule, 
or principle by algebraic symbols. It is a convenient way of 
expressing the manner of variation between two or more inter- 
dependent variables. When all but one of the variable quantities 
are known for a given set of conditions, it is quite easy to find the 
unknown quantity by substitution in and solution of an alge- 
braic formula. It must be remembered that the formula is 
only a convenient way of expressing a rule and is not the rule 
itself. In using formulas in general, there is a tendency to 
substitute and solve blindly, without first examining the rule 
expressed by the formula and ascertaining whether or not it is 
applicable to the case under consideration. 

The algebraic formula was probably first confined to the field 
of mathematics. Its convenience and conciseness were readily 
apparent, and it was naturally extended to physics, mechanics, 
electricity, and all branches of applied science. Today the 
formula is used for expressing such general principles as the 
laws of economics where actual substitution is never made but 
where the general relationship of several interdependent quanti- 
ties is shown. 

When time study was first introduced into industry, a separate 
study was taken on each job as it came along. This required 
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considerable time and effort and led to the feeling that time 
study could be applied only to standard lines of work where 
quantities were large and operations few. It is readily conceiv- 
able that the taking and working up of time studies on work of a 
varied nature might require nearly as many time-study men as 
operators. 

It is by no means necessary, however, to time study every job 
that comes through the shop. Time-study men were quick to 
recognize that certain elemental operations in a given class of 
work were constant regardless of the nature of the piece upon 
which work was being done. Other elemental operations varied 
with certain characteristics of the work. 

The recognition of these facts led to the compilation of standard 
data, a sample of which has already been shown in Chap. XVII. 
It then became apparent that certain operations were performed 
on every piece worked, that others were performed when the 
piece had certain characteristics, and that the time for doing still 
other operations varied in a definite manner with certain variable 
characteristics such as length, area, or volume. The next step, 
that of resolving standard data into algebraic formulas, followed 
as a matter of course. 

Advantages of Formulas.—The great amount of time which 
the use of formulas will save the time-study man is readily 
apparent. The time required to take and work up a time study 
on repetitive work will be from 1 to 4 hours where the length 
of the operation cycle is fairly small, and may be much longer on 
larger work where one operation cycle may run as high as 100 
hours. The time required to set a time value from a formula will, 
in the majority of cases, range from 1 to 15 minutes, depending 
on the complexity of the formula and the amount of time required 
to determine the characteristics of the job. Where all neces- 
sary information may be obtained from the drawing of the part, 
the time value may generally be computed in less than 5 minutes. 

With so much time saved in the work of the time-study depart- 
ment, it is obvious that formulas will enable fewer men to cover 
a given amount of work or the same number of men to handle a 
much larger territory. The caliber of men required to apply 
formulas need not be so high as that of men who must take time 
studies. It is thus possible for a plant to have a few expert 
time-study men who will do all of the work discussed in Part I of 
this book and who will also compile all formulas. The rest of 
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the work, that of setting time values from formulas, may be 
carried on by men better fitted for routine work and incidentally 
commanding less salary. In passing, it might be mentioned 
that such a set-up provides a direct line of promotion within the 
time-study organization. Good men are willing to accept the 
routine job and will maintain an interest in their work if they 
know that they will have a chance to advance to the more highly 
paid more interesting time-study and formula work as soon as 
they have fitted themselves for the job. 

Formulas have made possible the application of time-study 
methods and incentive plans to the job shop. Without them 
the cost of establishing time values would offset the savings 
which incentive plans produce, great as they are. With formulas, 
a large volume of time values may be set by a comparatively few 
time-study men with a large net saving to the plant. Indeed, 
formulas are highly profitable on all but strictly standard work 
where operations are so few that it would take longer to compile 
formulas than to set values by actual time studies. 

Where all time values are set by time study, some inconsist- 
encies are almost certain to appear. Because of errors in judg- 
ment, unnecessary work that was allowed to pass unnoticed, and 
variations in the judgment of several time-study men who 
handled the work over a period of time, some time values will be 
easier to meet than others. Simple jobs will, in some cases, 
have higher time values than much harder jobs upon which more 
work must be performed. Such inconsistencies tend to decrease 
the respect of the workers for time study and time-study methods. 
It takes but one or two ‘‘wild”’ values to shake the confidence 
that hundreds of correct values have built up. 

The only chance for inconsistency when time values are set by 
formula is in an error in determining the variables which will be 
substituted in the formula or in the mathematical solution of the 
formula. Usually such slips will give time values so far out of 
line that the time-study man will see at once that he has made 
an error and will check his work. If a wrong value does get as 
far as the worker and he complains, it is a simple matter to 
recheck the job and determine whether or not the complaint 
is justified. Once the worker has been satisfied with the fair- 
ness and accuracy of a formula, he will very seldom ask for a 
recheck of a job unless he is reasonably sure that an error has 
been made. 
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If no formulas are available on a certain class of work, the 
time-study man has a difficult time giving accurate labor esti- 
mates on contemplated new work. He must take the drawings 
of the new parts, try to visualize what operations must be per- 
formed, and then estimate how long it will take to do each opera- 
tion. His estimates will be little better than guesses, although 
he tries to use his best judgment in making them. 

If formulas are available, the time-study man is able to give 
estimated time values, which, in the majority of cases, will be 
the same as the actual values which will be set when the job 
comes through the shop. He will get what information he needs 
from the drawings and will use his formula in determining time 
values. Unless the drawing does not give him all the information 
he needs, he will arrive at exactly correct time values. The 
importance of having accurate labor estimates becomes readily 
apparent when it is realized that the sales department is guided 
by factory costs in making bids for new business. If the cost 
furnished is higher than it should be, the price offered will be 
high, and the company will not obtain the order. If the esti- 
mated cost is lower than the actual cost, the company will very 
probably get the order and be obliged to fill it at a loss. 

Scope of Formulas.—It is thought by those who have but a 
superficial knowledge of formula work that formulas can be 
applied only to machine work where feeds, speeds, depth of cut, 
and the like are the only variables. The fields in which formulas 
have been successfully applied are, however, very much broader 
than that. Practically any line of work may be formulated 
accurately if sufficient. data are first collected. This statement 
may appear rather broad to those who have not dealt inti- 
mately with formulas, but glance for a minute at some of the 
operations upon which time values are being set daily by 
formulas. 


All kinds of machine work. 

Bench fitting and assembling. 
Wiring. 

Panel mounting. 

Bench, machine, and floor molding. 
Bench and machine core making. 
Casting cleaning. 

Foundry furnace work. 

Metal ratios or yields. 

Are welding. 
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Drop forging. 

Chipping with air hammer. 

Coil winding, taping, and insulating. 
Copper forming (miscellaneous). 
Motor assembly. 

Structural metal assembling. 
Painting. 

Window washing. 

Janitor work. 

Maintenance work. 
Wooden-box making. 

Storeroom work. 

Tool making. 

Pipe fitting. 

These examples should suffice to show the practically limitless 
scope of formulas. 

Characteristics of a Formula.—A formula, above everything 
else, must give accurate time values. If it does not, it is practi- 
cally valueless. It does not do, where avoidable, to construct 
a formula which will give time values too low in some cases and 
too high in others, even though when averaged the time values 
are about right. The workers will continually complain about 
the low values and minimize the balancing effect of the high. 
They rightly wish every time value to be correct. If the formula 
is not accurate, it is very difficult to convince the workers of the 
fairness of establishing time values in this manner. 

Very often trouble is encountered by trying to set time values 
on jobs to which the formula does not apply. If a job is encoun- 
tered which is too large to come within the limits of the curves 
which are used to show variable relations, it is a temptation to 
extend these curves and establish a time value accordingly. In 
many cases, the resulting time value will not be correct. Thus 
the class of work to which the formula applies should be clearly 
stated, and all jobs which fall outside of this class should be cov- 
ered by other formulas if numerous, or time studied individually 
if few. 

A formula, in order to be quickly and easily applied, should be 
as clear and concise as possible. All constant elemental opera- 
tions that occur on every job should be summed up into one 
general constant. The variables should be expressed as simply 
as possible. A later chapter will show various ways of expressing 
variables in table, curve, and chart form which will greatly 
simplify the task of applying the formula. All percentages that 
are to be added should be included in the formula constants and 
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variables and should not be left dangling at the end of the 
formula expression to be added by a separate extra multiplica- 
tion. Such simplification will not only save considerable time 
for the routine man who is applying the formula, but it will also 
reduce the possibility of clerical errors. 
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Elements of a Formula.—The first step in compiling a formula 
is the making of a general analysis of the work to be covered. 
This analysis is similar to that made when taking an individual 
time study, but it is somewhat broader in that it covers the class 
of work as a whole and not merely the individual job. 

After a clear idea has been formed of what the formula will 
cover and what work its construction will entail, the next step 
is the actual collecting of data. This consists of taking detail 
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time studies on a number of representative jobs. These data 
are then assembled into a Master Table of Detail Time Studies, 
as will be described fully later. 

There then comes the task of classifying each individual ele- 
mental operation as either a constant or a variable. Just which 
it is is not always readily apparent, and it requires a man of no 
little analytical ability to do this work. After the elemental 
operations have been classified, it is necessary to select a definite 
time value for each elemental constant and to make a further 
analysis of each elemental variable to determine just how and 
with what it varies. 

When all constants and variables have been determined, there 
remains only the task of expressing the formula in its simplest 
terms and making a report which will explain clearly the con- 
struction and application of the formula. 

In order to aid the visualization of the relation to one another 
of the various steps taken in compiling a formula, the chart 
shown in Fig. 39 has been made. Each step is taken up and 
fully discussed in detail in the succeeding chapters. 


CHAPTER XIX 
GENERAL ANALYSIS AND SURVEY 


Before taking a time study, it is necessary to analyze the job, 
and similarly, before starting to collect data for the compilation 
of a formula, a general analysis should be made. The latter 
analysis is, from its purpose, broader than the former. It 
embraces all the details of the time-study analysis from the 
wider viewpoint of the formula, and it includes some details 
not heretofore considered. 

The analysis should be made before data are collected in order 
to insure that all necessary and only necessary data be obtained. 
It is perfectly possible to make the analysis during the actual 
steps of formula construction, but it will be found that much 
effort is expended uselessly. In this chapter is set forth the 
procedure for making a general advance analysis and survey 
in preparation for the making of a formula. The steps in this 
procedure will be found to overlap in practice, but they are here 
given in as nearly chronological order as possible. 

Determining the Field of the Formula.—First of all it is 
necessary to determine the field to which the formula is to apply. 
This may not be done entirely in advance, but the field may be 
narrowed to one general class of work. For instance, it is 
decided to place molding work in a foundry on an incentive 
basis. The time-study man surveys the molding work as a 
whole and discovers that by far the greater part of the work is 
done on vibrator molding machines. In order to gain the 
greatest results, he decides to formulate vibrator machine 
molding work. Thus he has determined in a general way 
the class of work to which the formula will apply, although he 
may later find that certain considerations make it advisable to 
limit the formula to jobs made in two-part flasks and to cover 
other kinds of vibrator machine work by other formulas. Simi- 
larly, other fields of work would be mentally determined, such 
as sensitive drill presses, engine lathes, band saws, blacksmithing, 
or panel wiring, leaving the actual limits of application to be 
fixed after more detailed study. 
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Inspection Requirements.—Inspection requirements must be 
determined as in the case of the individual time study, so that 
the time-study men may know definitely just what operations 
must be performed and what standards of accuracy, finish, and 
the like are to be maintained. He views the requirements con- 
sidering the work as a whole and carefully considers whether or 
not they are suitable to insure work of good quality without going 
to wasteful extremes. The thoroughness with which he must 
consider the inspection requirements depends upon the nature 
of the work. The foundry inspector requires that a casting when 
molded and poured be filled out in all its parts, that it have no 
shifts or sections out of place due to washed sand or cores, that 
the metal be right, and similar simple fundamental require- 
ments so obvious as to require little or no examination on the 
part of the time-study man. On the other hand, the require- 
ments for bench fitting and assembly of a varied line of apparatus 
are many, and the time-study man must spend considerable time 
studying them and considering their justness. 

Mental Study of the Operation.—After the time-study man 
has satisfied himself that the inspection requirements are as they 
should be, he should make a thorough mental study of the opera- 
tion itself. He must become familiar with the methods used in 
doing the work in order that he may plan how best to formulate 
it. This mental study is made merely by observing the work 
as it is being done. The time-study man will observe each 
elemental operation and consider why it is necessary. He will 
assure himself that each operator is using the best methods, and 
if there is any variation, he will determine which is the best. If 
he has previously been establishing time values on this work by 
time study, he will already have a good working knowledge of 
the operation, but he should nevertheless spend some time 
considering the work as a class. It is very possible that he will 
discover certain points that have passed unnoticed before when 
he was concentrating on single jobs. 

Survey of Conditions and Recommendations for Improve- 
ments.—At the same time that he is making a mental study of 
the operation, the time-study man will be making a survey of 
conditions. First, he will note working conditions such as light, 
heat, ventilation, and location of drinking fountains. He will 
more especially study material-handling conditions. He will 
note how raw material is brought to the worker and how the 
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finished product is removed. He will investigate all material- 
handling equipment, and he will study the machine equipment 
itself. Again he studies the points which have been dwelt on at 
some length in Chap. V but from a more general viewpoint. 

This general survey will in most cases reveal conditions which 
may be bettered. Improved handling devices, convenient loca- 
tion of supplies, and devices which will eliminate fatigue and 
speed up the work will naturally suggest themselves to the 
time-study man. When he was completed his survey, he should 
recommend all of these changes to the proper authority. This 
recommendation may be verbal in the case of a few minor 
improvements, or it may be in the form of a formal report includ- 
ing estimated costs and savings where the changes are more 
comprehensive. 

The general survey may not amount to much where conditions 
have been carefully considered before, or it may be the major 
part of the work of making the formula. For example, when a 
group of men melting and distributing metal in a foundry were 
studied, the general survey revealed that many devices could be 
installed which would make the work easier physically and at the 
same time reduce the size of the furnace crew. ‘These devices 
were carefully worked out, and a report was drawn up showing 
what should be done to improve conditions. The report was 
discussed at considerable length by those concerned, and finally 
it was agreed to adopt certain of the recommendations. Some 
new equipment had to be designed and built, and it was nearly a 
year from the time that the original survey was made before 
conditions were improved. After that, it required only about 
2 weeks of actual time-study work before the formula could be 
drawn up and the work put on an incentive basis. The furnace 
operation had been a strictly day-work proposition and little 
attention had been paid to conditions. The time-study man 
was in this case practically a pioneer, and the part of his work 
which brought about the biggest saving was the making of the 
general survey and the writing of the report. 

Enlisting the Interest and Aid of the Worker.—If the workers 
who are to be studied-have never worked on an incentive basis 
before and if they are entirely unfamiliar with time-study methods, 
they must be approached at first in the manner described in the 
early part of this book. After they have learned something 
about the fairness of time-study work, they may be further told 
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about the purpose of making formulas and the advantages to all 
concerned of establishing time values in this way. 

Where workers have already been working under incentives 
established by time study, the purpose of making the formula 
may be explained without any introductory remarks. This 
should be done after enough mental study of the operation has 
been made to enable the time-study man to talk intelligently 
about the work. If the time-study man starts to study work 
upon which values have already been established without explain- 
ing his reasons, the workers are very likely to feel that the pur- 
pose of the study is to reduce time values and earnings, and they 
quite naturally will resent it. If, however, the time-study man 
explains that he is collecting data from which he will eventually 
be able to establish consistent time values on all jobs and if he 
guarantees that earnings will be unaffected if effort is main- 
tained, the workers will have no cause for suspicion. Some may 
wish to know how he proposes to do this, and then the time-study 
man can explain briefly the general principles of formula construc- 
tion, using simple examples drawn from the work on which his 
questioners are engaged which they will readily understand. 

Not only should he thus arouse interest in the work which he is 
doing, but he should also encourage any suggestions on the part 
of the workers about improved methods or conditions. The 
time to make changes is before the formula is put into effect. 
Subsequent changes will be more costly, for then all time values 
must be revised. The workers will often have valuable ideas 
concerning the improvement of working conditions, for they 
realize through intimate contact any retarding factors which 
may exist. The time-study man, by working out these ideas 
and in having. them put in effect, will not only benefit the 
employer, but he will win the lasting good will of the workers. 

Trial Motion Study.—The last step before the actual taking of 
time studies is the making of a trial motion study. All time 
studies are later to be recorded on a Master Table of Detail Time 
Studies. By comparing the time taken for a certain element on 
one study with that taken on other studies, it is possible to deter- 
mine whether or not the elemental operation is a constant, 
and if not, how it varies. In order to make this comparison, 
it is necessary that the operation be divided up into its elements 
in the same way on all studies. For example the elemental 
operations “get part from table,” “place in fixture,” and ‘‘close 
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cover” all should be divided as given on all studies and not appear 
as ‘‘get part from table and place in fixture” and ‘‘close cover” 
in one study and ‘“‘get part from table” and ‘‘place in fixture 
and close cover” in another. Such a variation in motion study 
will more than double the work of compiling the formula and will 
seriously affect the accuracy of the results. 

A motion study should first be made on a job selected at ran- 
dom, dividing the operation into as small elements as is consistent 
with accuracy. This motion study should be considered care- 
fully, and the attempt should be made to keep constant and 
variable operations completely separated, in so far as analysis 
will show the operation to be constant or variable. Other jobs 
should be considered in the light of the trial motion study, until 
finally a sequence of operations is determined which will be 
applicable to all jobs. 


CHAPTER XX 
COLLECTING AND TABULATING DATA 


The general analysis and survey puts the time-study man into 
a position to collect data with the minimum amount of wasted 
effort. During the analysis, he should have formed a clear idea | 
of what data it is necessary to secure. He has taken steps, as 
a result of the general survey, to have all bad conditions cor- 
rected. Such changes as the management is willing to make 
have therefore already been made, and other changes must wait 
until funds, time, or opportunity bring about a more propi- 
tious occasion. There is now nothing else to be done before the 
actual gathering together of time studies is begun. As has been 
said before, analysis continues throughout the construction of 
the formula, but it is interwoven with other steps of the work. 

Collecting of Studies Available—Wherever incentive plans 
are used, there are usually several time studies which were taken 
to establish the existing time values and which will be of use as 
data for formulas. After the time-study man has made his 
general analysis and survey, he should select from the time-study 
files all studies which apply to the work to be covered by the 
formula. Quite often there are sufficient studies available to 
furnish all the data required, but unless a good portion of them 
were taken by the man who is making the formula, it will be 
advisable for him to take a few, the number depending on the 
complexity and variation in the work, so that he will be better 
able to use intelligent judgment in his analysis, classification, 
and selection of values. The studies which are available may 
have been collected over a comparatively long period of time. 
In this event, it is probable that conditions, methods, or equip- 
ment have changed, and unless the information on the back of 
the time studies is complete and definite, it will be better if the 
studies are not used except for comparison purposes. 

Where the studies available are satisfactory in every respect, 
they will be a great help in several ways. They will shorten the 
time required to collect data, they will cover a more satisfactory 
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period of time, and they will generally cover a larger number of 
operators and a greater variety of jobs. 

Taking New Time Studies.—If there are no studies available 
which are satisfactory for formula compilation, the time-study 
man should concentrate his attention on studying representative 
jobs until he has collected sufficient data. By representative 
jobs is meant types of work having characteristics similar to 
those of the work which will be covered by the formula. For 
instance, in studying the sawing to shape of composition material 
on band saws, it will be found that there are a number of jobs 
upon which only straight cuts aided by guides are taken. On 
others, straight cuts guided by templates are taken, and on still 
others radii are cut either by template or from layout. A 
number of jobs will be studied in each class which embrace the 
general characteristics of that class. Parts varying widely in 
size, shape, and thickness of material will be studied to insure 
the collecting of sufficient data to determine intelligently the 
amount by which these variable characteristics affect cutting 
time. 

The number of studies which should be taken depends upon 
the nature of the work. Nothing should be left to judgment 
alone but rather all conclusions should be based on actual data 
and facts. If all jobs are very nearly alike, only a few studies 
need be taken, while on the other hand, if the work ranges widely 
in its variable characteristics, it will be necessary to take more. 
In general, the greater the amount of data collected, the easier 
it will be to determine constants and variables correctly and the 
more accurate will be the formula. Three points taken from 
data collected on jobs which vary widely in the characteristics 
being studied is the minimum number through which a curve 
should be plotted, but more are highly desirable. If only three 
points are used, one ‘‘wild” value may seriously alter the shape 
of the curve, whereas if more points are available, values that 
are incorrect will be easily detected and discarded. 

In taking the studies, the time-study man should be careful to 
split up the operation into its elements in accordance with the 
motion study which he has previously decided is the best to use. 
Too much stress cannot be placed on this point, for if the same 
division of elements is used throughout the studies, the subse- 
quent derivation of the formula will be comparatively easy and 
the results accurate and reliable. 
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It is always a good thing to study a number of operators during 
the course of collecting data instead of picking out one or two 
good men and basing everything on them. By studying a 
number of operators of varying skill and leveling all to the aver- 
age man, more confidence will be instilled into the workmen who 
will work under the formula. It will also prevent any claims 
that all values are based on the best men and ideal conditions. 

The procedure used in taking time studies for the purpose of 
compiling a formula is exactly the same as that used in taking 
studies to set individual time values. This has been set forth 
in detail in the first part of this book, and no further elaboration 
is here needed. 

Accuracy, which is at all times important, is especially so when 
collecting data upon which a formula is to be based. If an error 
is made when taking a study from which an individual time value 
is to be set, only that value is affected, and the seriousness of the 
consequences depends upon the magnitude of the error and the 
activity of the job. If an error is made when data for formula 
use is being collected, every value set from that formula will be 
affected. Even a small error may assume serious proportions 
when it affects every job on a given class of work. Therefore, 
the time-study man cannot be too careful in collecting and work- 
ing up his‘data, and every minute spent in checking up the accu- 
racy of his work will be time profitably spent. 

The number of pieces studied on any job depends, of course, on 
the nature of the work. Care should be taken to study enough 
to insure that the resulting values are representative.’ Formulas 
which are based on studies made on one or two pieces are 
generally inaccurate and subject to much criticism. On some 
lines of work where the operation cycle is unusually long and 
where the work comes through the shop in small quantities, it 
is impossible to get more than a few pieces on any job. In 
such cases, more jobs should be studied. When the time studies 
are later lined up on the Master Table of Detail Time Studies, 
it will then be possible to recognize unrepresentative time values 
because of their variation from the majority of the other values. 

Collecting Data for Allowances.—The allowances which are 
given to care for fatigue, personal necessities, and unavoidable 
delays are the same for formula work as they are for individual 
time studies. The manner in which these allowances are 
determined has already been givenin Chap. XIV. Special allow- 
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ances, however, are used more in formula work than on work 
where time values are established by time study, usually because 
a more thorough study of existing conditions is made when col- 
lecting data for formulas. Three general classes of operations 
are commonly covered by special allowances in compiling a 
formula: work which occurs periodically and which is usually 
done as day work, work which occurs intermittently and irregu- 
larly, and work which could be handled by definite values in the 
formula but which would so complicate the formula expression 
that the labor involved in establishing time values would not be 
offset by the accuracy gained. 

In some cases all three classes of special allowances are used 
in the same formula. A good example of this is found in a for- 
mula covering machine core making. An operation which occurs 
periodically is cleaning sand out of the machine at night and 
refilling and oiling the machine in the morning. This was 
formerly done as day work. The amount of time spent in 1 week 
on this work was determined by time study, and it was a simple 
matter to distribute this time over each time value by increasing 
formula values by the percentage of cleaning and oiling time to 
productive time. 

After the cores are made, they are dried on a continuous con- 
veyor oven. It is quite possible definitely to determine handling 
time for each core to and from this oven, both before and after 
blackening, but it involves the introduction of so many terms into 
the final formula that it is far easier and nearly as accurate to 
handle the small amount of time involved by a percentage figure. 
Before blackening, it is necessary to file off any fins that may be 
on the cores and to fill up any irregularities with black lead paste. 
Many things such as the nature of the core, the condition of the 
core box, the skill of the operator, and the use of the finished 
casting affect this smoothing time. It is practically impossible 
to express this time other than by a percentage figure determined 
by a series of all-day studies covering a wide range of work. In 
such cases as these, it is perfectly proper to establish special 
allowances. Care must be taken not to carry this practice to 
extremes and not to use allowances where the accuracy of the 
time values will be seriously affected. It is important that all 
special allowances should be determined by comprehensive 
studies and not merely determined by an estimate. 
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Recording Information.—Complete identifying information of 
each job studied should be recorded on the back of the time-study 
sheet. Good practice recommends that this should be done 
even though the study is to be used only for setting a single 
time value. In such cases, however, the details of the job are 
fresh in the mind of the time-study man, and he may be well 
able to set the time value without referring to any recorded 
information. For the purpose of establishing individual time 
values, then, complete information is not absolutely essential, 
although its lack renders the study valueless for future reference. 

Time studies that are to be used for formula compilation may 
be taken several months before they are so used. Therefore their 
subsequent value is directly proportional to the completeness of 
the recorded descriptive data. A record of the drawing number, 
pattern number, or other shop identification makes it possible 
to locate the job if at any future time it is desired to check data 
already taken or to secure information which had been previously 
overlooked. A clear description of any unusual features which 
occurred during the taking of the time study will aid in explaining 
unexpected variations in the data. 

It is absolutely necessary to have a complete sketch of the 
part and a complete record of all dimensions. Variable time 
elements will depend on variable job characteristics, and in 
order to determine the nature and magnitude of the variation, 
the time-study man must have sufficient data. If it is not given 
by the dimensioned sketch, he will have to refer to the engineer’s 
drawing of the job. 

Tool, jig, and fixture information should be given in detail. 
Sketches showing the manner in which the operation was per- 
formed such as Figs. 22 and 23 will prove helpful when working 
up the formula. In brief, it may be said that a description of 
everything having to do with the job itself and with the method 
of performing the operation should be completely and clearly 
recorded on the back of the time-study sheet at the time the study 
is taken. 

Review and Correlation—When the time-study man feels 
that he has collected sufficient data, he will find it very profitable 
to spend a few days watching the performance of the work with- 
out actually taking any studies. During the time he has been 
making the studies, his attention has of necessity been concen- 
trated on each job that he studied. He has had little chance to 


178 TIME AND MOTION STUDY 


view the work as a whole, and it is quite possible that important 
considerations have hitherto escaped his attention. Through 
his time-study work, he has gained an intimate knowledge of the 
work which he did not possess before. Thus he is in a good posi- 
tion to review what he has learned and to see just exactly what 
must be done to perform the work successfully. 

While he is watching the work and making what may be called 
a mental synthesis, he will have ample opportunity to talk with 
the foreman, workmen, and others who are familiar with the 
details of the work. He will, without being aware of it at the 
time, secure much information which will later be of value to him. 
The reasons for everything which is done should be readily 
apparent to him, and he will gain a more intimate knowledge of 
existing conditions. 

The amount of time which should be spent on this phase of the 
work will depend on the complexity of the operation and upon 
the familiarity of the time-study man with the work. When he 
finishes the review and correlation, he should feel thoroughly 
familiar with all of the details of the work and he should have 
gained, in a general way, an idea of the form of the final formula. 

Master Table of Detail Time Studies.—Reference has been 
made several times to the Master Table of Detail Time Studies. 
Before passing on to the tabulation of data, it will be well to 
give a brief description of this important form. A Master Table 
compiled for a sample formula is shown in Fig. 58. It is 22 by 
17 inches in size. When folded once in each direction, it may be 
conveniently filed with standard 84- by 11-inch papers. 

In the upper left-hand corner, space is provided for identify- 
ing the sheet to the formula. Experience in trying to locate 
unidentified Master Tables will prove the value of completely 
filling in this part of the form. Under this space is a wide column 
headed Operation Description. Here will be recorded the name 
of each elemental operation. The columns to the right under 
S-1, S-2 and so on, are used for recording the time data taken 
from time studies. The top part of these columns is devoted 
to a description of the characteristics of each job. 

The purpose of this form is to enable the time-study man to 
tabulate his data so that they will be convenient for the analyzing 
of each elemental operation. He has before him the charac- 
teristics of each job and the time for performing each elemental 
operation on each job. He can see at a glance which operations 
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are performed on every job and those which are performed only 
in special cases. He will easily be able to review the time taken 
to perform a certain operation on every job, and he will readily 
see whether that operation time is fairly constant or not. If the 
attempt were made to use the data which have been collected 
directly from the time-study forms upon which they are recorded, 
the work of compiling the formula would be increased many times 
and the final accuracy would be seriously affected. 

Posting Data on Master Table of Detail Time Studies.—All 
usable data should be posted on the Master Table of Detail Time 
Studies. Values which the time-study man is satisfied are 
incorrect and operations which are obviously unnecessary should 
not be posted. The tabulation should be made neatly and 
preferably in ink. Under Operation Description is recorded the 
name of each elemental operation. The space set aside for Job 
Characteristics should show the date upon which the study was 
taken, the name of the operator studied, and a complete record 
of job identification and variable job characteristics. On some 
classes of work, a small neat sketch of the part may be made 
at the bottom of the Job Characteristic space. 

In the Elapsed Time columns is posted the leveled time value 
with allowances added for each elemental operation for each 
time study. Thus a vertical column in connection with the 
Operation Description is a list of the time values which occurred 
in one particular study. A horizontal line is a list of the time 
values which occurred on every time study for one particular 
elemental operation. 

It is not necessary to list the elements in the order of their 
occurrence. When the first study is posted, the elements will 
be tabulated as they occur. For the succeeding studies, when- 
ever an element occurs that occurred in the first study, the time 
value is posted opposite the corresponding operation description. 
Otherwise the name of the element must be given a separate line. 

The columns headed Symbol, Allowed Time, and Reference 
are filled out when the allowed time is determined. Each ele- 
mental operation should be given an alphabetical symbol. 
These symbols should be assigned as nearly as possible in the 
order in which the elements occur. As each constant allowed 
time is determined, it should be recorded in the Allowed Time 
column, and the study or studies in which the selected value 
occurred should be noted under Reference. If the operation is a 
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variable, the curve or table which handles it should be recorded. 
If there are more than 26 elemental operations, the alphabet 
may be repeated with subscript numbers as A,, B;, and so on. 
At the extreme upper left-hand corner the following heading 
will be noticed: 
Sheet 
of. 


This should be filled out to read as Sheet 1 of 3 sheets if more 
than one Master Table form is used. Thus if referring to the 
Master Table at any future period, one may be sure that he has 
all of the sheets that were used. 

The actual work of posting is simple enough to delegate to a 
clerk working under the supervision of the time-study man. 
Like everything else connected with time-study and formula 
work, it must be done accurately, and the figures posted on the 
Master Table should be carefully checked before going ahead 
with the formula compilation. 


sheets. 


CHAPTER XXI 


CLASSIFYING OPERATIONS AND DETERMINING CON- 
STANTS AND VARIABLES 


When all time values have been posted from the time studies 
to the Master Table, the time-study man is ready to choose 
values which will be used in the final formula. As has been 
mentioned before, there are two general classes of elemental 
operations; first, those operations which are exactly the same 
regardless of the characteristics of the job and, second, those 
which vary in method or time of performance with variable job 
characteristics. In many cases, it is fairly easy to determine 
whether or not an elemental operation is a constant. In others, 
there will be a wide variation of the time taken for doing the 
operation on different jobs, and the reason for this variation may 
be somewhat obscure. Considerable analytical and mathe- 
matical ability is necessary to trace the reason for such a variation 
to its source and to determine exactly how the time required 
for performing the operation is affected. 

Preliminary Analysis.—Before actually classifying elemental 
operations as constants or variables, a preliminary analysis of 
the data on hand should be made. It is well to note if a repre- 
sentative number of operators who are engaged in performing 
the class of work under consideration have been studied. 
Theoretically, it should be possible to arrive at the same results 
if only one or two men are studied, since the use of the leveling 
principle brings all time values to the plane of the average man. 
If the time-study man is an expert and is thoroughly familiar 
with the work, he will no doubt be able to do this, but actually 
it is better to study a number of different operators. Not only 
will the time-study man thus have a check on his judgment and 
upon methods employed in doing the work, but he will also find 
it much easier to convince supervisors and workers that his time 
values are truly representative. 

If the data collected on an ordinary simple operation extend 
over several sheets of Master Tables and if the same elements 
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appear to be repeated on only a few of the different jobs, it is 
reasonably certain that the time-study man did not divide the 
major operation into its elements in the same manner for the 
various studies. If such be the case, it is rather difficult to get 
the data into usable shape. By dint of combinations, subtrac- 
tions, and simultaneous equations, it may be possible to resolve 
the data into a more compact form, but unless these data appear 
to be fairly consistent for the different jobs, it is better to throw 
away all that has been done and make a fresh start aided by the 
experience gained. Such cases happen usually only when a new 
time-study man is making his first formula. Thereafter, he has 
a better idea of the form that final data should assume, and he 
chooses his elemental operations accordingly. 

A good set of data should have a compact appearance on the 
Master Table. There will probably be some few operations 
that were performed on only one or two jobs and there will be 
others that occur only on jobs having certain characteristics, but 
for the majority of operations a time value should appear on 
each study. 

Classifying Operations into Constants and Variables.—The 
time-study man is now ready to review each elemental operation 
separately and to determine whether it is a constant or a variable. 
Pure analysis will generally be sufficient to tell an experienced 
time-study man whether or not an operation should be constant 
on all jobs, but he should also be guided by the data. If analysis 
shows that an operation should be constant and if the time values 
appear to be of the same magnitude with only a slight variation 
between the minimum and the maximum, thenit is safe to classify 
that operation as a constant. Similarly if there is a wide range 
‘between the minimum and the maximum time values on an 
operation which analysis shows should be variable, it is again 
proper to classify the operation accordingly. It is only in those 
cases where analysis and the data do not lead to the same con- 
clusions that the time-study man need hesitate. He will usually 
find an unexpected variation in the time taken for doing an 
element which he expected to be a constant rather than the 
opposite. He will find it necessary to review his time studies in 
order to find out the reasons for an unexpectedly high or low 
value. If he can find no satisfactory explanation, he must 
observe the operation as it is being performed and perhaps even 
make additional time studies. In the end after he has collected 
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sufficient data and has given sufficient thought to them, the 
time-study -man will practically always reach a satisfactory 
conclusion as to the nature of the operation. 

As each operation is classified, it should be marked with a small 
ec or v to identify it definitely as a constant or a variable in the 
future. Miscellaneous operations which occur only once or twice 
throughout all the studies should be marked with an m and left 
for consideration until after the magnitude of the constant and 
variable operations has been determined. 

Choosing Constants.—After the elements have been classified 
into constants and variables, a time value must be selected for 
each element that has been recognized as a constant. The 
values obtained from the several studies for a given element may 
vary considerably, often as much as 100 per cent. This is because 
of errors in judgment on the part of the time-study man as to the 
skill and effort displayed by the operator, variations in condi- 
tions under which the work was done, differences in the efficiency 
of the machines, and so on. 

In order to make an intelligent selection, the time-study man 
must know the actual conditions under which the job was worked, 
he must know the ability of each operator intimately, and he 
should be acquainted with the equipment and the kind and 
condition of all materials used. All time studies that do not 
give fully this information should be used only as a means of 
comparison. If the time-study man knows all that is neces- 
sary, he will be able to make a selection from the several elements 
listed on the Master Table. Beginning at the left-hand side of 
the table, he will run over to the right carefully, comparing each 
value with the others and mentally noting the conditions under 
which the value was obtained. After having carefully studied 
and compared them, he will make his selection. The selection 
should be the time that an average man engaged on this line of 
work can perform the given element working at an average rate of 
speed with average working conditions. When the value has 
been selected, it will be recorded in the column provided on the 
Master Table together with the number of the study from which 
the value was selected. 

The value which is chosen should be, where possible, one which 
occurs several times on different studies and which is about 
midway between the minimum and maximum values. If suffi- 
cient data have been carefully collected, such values will be found 
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in the majority of cases. Where there is an unexplainably 
large variation and where no value is repeated in two or more 
studies, all values should be averaged, and the actual value which 
is closest to this average value should be used. Actual values 
should be used rather than average because of the psychological 
effect on those to whom the formula must later be sold and to 
facilitate reference. 

Analysis of Variables.—Choosing constants is a comparatively 
simple matter, but the determination of variables requires keen 
judgment and good analytical ability coupled with a knowledge 
of algebra and the principles of curve plotting. In this phase 
of time study and formula work, the technically trained man 
usually outstrips the practical man because of his familiarity 
with various mathematical devices. 

Each variable element must be considered separately and the 
means of handling it determined to fit the individual case. Prob- 
ably the simplest way of handling variables is to divide the 
work as a whole into several classes and to select a constant 
value for each class. For example, the time required to lift 
a part from a tote pan to the table of a drill press is found to 
vary in a general way with the size of the part. In this case, 
sufficient accuracy will be obtained if the work is classified as 
small, medium, and large, and if three values are selected from 
the data, one for each class. If the drill-press work covers a 
very wide range of sizes, it may be necessary to add two more 
classes, such as very small and very large. The time-study man 
in making this classification will determine the approximate 
limits of weight and volume for each class and will include them 
in the final formula report as a guide to those who will apply the 
formula in the future. 

Similar classifications may be made for operations upon which 
time varies with the complexity of the job. It will be noticed 
that the work covered by the molding formula in Chap. XXIX 
has been classified as simple, medium, and complex and that 
definitions of the characteristics pertaining to each class have 
been given. 

Expressing Variables in Curve Form.—Variables are probably 
expressed more conveniently in curve form than in any other 
way. Indeed, the time-study man will find the plotting of 
curves a great help during his analysis of variables regardless of 
how he decides to handle the element in the final formula. 
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The variable job characteristic with which the time for perform- 
ing a certain operation varies is not always readily apparent. 
In such cases, a series of experimental curves should be plotted 
to show how time varies with each variable characteristic which 
would be likely to affect it. On one curve, the points will 
probably line up better than on any other, and if analysis does 
not point to the contrary, it may be safely assumed that this is 
the proper relation to use. :, 

Points for curves plotted on such things as machine time will 
usually line up very nicely and definitely mark the proper direc- 
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tion of the curve. Points plotted on operations which are 
largely affected by human skill and effort will more often show 
a wide range, and a technically trained man making his first 
formula is quite likely to feel rather discouraged when he tries 
to plot his data. If he will stop to consider how many minute 
things practically impossible of detection may affect the time 
taken and if he realizes that skill and effort range in a series of 
infinitesimally small steps from a minimum to amaximum whereas 
the leveling method only recognizes six classes for practical 
purposes, he will not wonder that such data do not plot up as 
smoothly as a speed-torque curve or a load-efficiency curve. 
Data secured on human effort will if properly obtained plot up 
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well enough to show definitely the trend of the curve, and the 
time-study man, aided by judgment, will be able to draw what 
will be a very nearly correct curve. 
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The curve of nailing time against number of nails shown in 
Fig. 40 shows about as good a set of points as may be expected. 
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More often points will appear as shown in Fig. 41. The varia- 
tion here is not too great, however, to show definitely the trend 
of the curve. The points shown in Fig. 42 are dotted all over 
the paper and prove conclusively that the time required for 
performing the operation of ‘‘draw material from bin” in a 
storeroom does not vary with the number of pieces on the order. 

Expressing a Relation between Three Interdependent Vari- 
ables.—The time-study man will very often find that the time for 
performing a certain elemental operation is affected by two 
variable job characteristics, and it will be necessary to take them 
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both into account in some manner. The simplest way is to 
classify one of the variables as small, medium, or large, or smooth 
surfaces and rough surfaces, and then plot the other variable 
against time for each class. This method is perfectly satis- 
factory in some cases, but where greater accuracy is necessary, 
another way must be found. 

A definite example may show how a case of this kind should be 
handled. For the elemental operation of ‘‘fill core box with sand 
and peen,”’ analysis at once showed that filling and peening time 
should vary with the volume of sand handled. Accordingly 
points were plotted volume against time as shown in Fig. 43. 
It was apparent at a glance that some other factor entered in. 
Further analysis revealed that the relation between the height 
and the thickness of the core would also affect the time. Where 
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the thickness of the core is great in comparison to the height, all 
sand may be put into the box and peened at one time. Where 
the thickness of the core is small as compared with the height, 
sand must be put in a little at a time and peened frequently. 
It is evident then that the ratio of height to thickness affects 
filling and peening time as well as core volume. An attempt was 
then made to classify the work according to this ratio, plotting 
a curve for ratios up to one, another for ratios between one and 
two and soon. ‘The results were unsatisfactory and this method 
was abandoned. 
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It was finally determined to use two curves in conjunction with 
each other. A curve of time against ratio of height to thickness 
was plotted for cores having an approximately constant volume. 
Since volume was constant, the curve showed a true relation 
unaffected by volume. This curve was plotted as shown in 
Fig. 44. It will be noticed that the curve intercepts the Y axis 
at 0.0020 hour. The time scale was changed by calling this 
point of interception 1, the point at which the time doubled 
or 0.0040 hour 2, and so on. Then in order to get a curve of 
volume against time unaffected by the height and thickness of 
the core, each time value taken from the original data was 
divided by a factor determined by the ratio of height to thickness 
of the core and read on the new factor X scale as shown in Fig. 44. 
These values plotted against the corresponding volumes give a 
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time-volume curve unaffected by the height and thickness of 
the core. The points now lined up into two sets of points as 
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Fia. 46.—Final curve sheet for operation ‘‘fill core box with sand and peen.”’ 


shown in Fig. 45. A little further study of the data showed that 
the higher values were all obtained from studies on cores which 
were difficult to make. A further classification of jobs as simple 
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or complex enabled the plotting of the final curves shown in Fig. 
46. 

In order to arrive at filling and peening time for any core, a 
factor X is found corresponding to the ratio of the height and 
thickness of the core and a base time for the proper volume from 
the volume-time curve. These two values multiplied together 
give the true time required for filling and peening. For example, 
a simple core having a ratio of height to thickness of 4 and a 
volume of 100 cubic inches would receive an allowed time value 
for filling and peening of 2.4 X 0.0092 = 0.0218 hour. 

This same principle may be applied in many instances and will 
be found very useful. It has been used to handle relations 
between perimeter of mold center block, greatest dimension of 
wire, and winding time as shown in Chap. XXXI and ratio of 
shipping weight to area, excess weight, and shipping weight as 
shown in Chap. XXXII. 

Miscellaneous Values.—In practically every set of data 
compiled into a Master Table of Detail Time Studies, a few 
elemental operations will appear which were performed on only 
one or two studies. In many cases, these operations were entirely 
legitimate and were made necessary by some special charac- 
teristic of the particular job. At the time of classifying opera- 
tions, these elements were classified as miscellaneous and marked 
with a small m. 

The way to include these miscellaneous elemental operations 
in the formula expression depends upon the nature of the opera- 
tions. If an operation is caused by a variation in material such 
as removing a piece of metal left by a defective core from a 
casting, it is ikely to occur at any time. Here it is best to deter- 
mine the amount of time spent on such operations over a repre- 
sentative period of time and to express it as a percentage of the 
total time spent. Then the time for every job done under the 
formula is increased by the determined percentage. This 
practice simplifies the formula and tends towards consistency 
and is recommended where accuracy is not too greatly sacrificed. 

Certain other operations will be found to be made necessary 
by a certain characteristic of the job being worked. This 
variable characteristic may occur on only a very small propor- 
tion of the total jobs. Therefore, in order to simplify the formula 
expression, it is best to include such time values in a table of 
Miscellaneous Values. Complete instructions about the manner 
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of applying these miscellaneous values should accompany the 
formula. 

The selection of a proper time value for a miscellaneous opera- 
tion requires more care than if the operation were done on every 
job, because there are generally but one or two values to choose 
from. The time-study man must review the studies from which 
these values were taken, and use good judgment in deciding 
whether or not the operation was properly performed. If 
there is any question of doubt about the correctness of the time 
value, it is best to place only the operation name in the table of 
Miscellaneous Values and leave the space for the time value 
blank until such time as the operation may have been thoroughly 
checked. This may not be until after the formula has been in 
use for some little time, since these operations occur but rarely. 

Element Analysis.—A complete record of the reasoning and 
deductions of the time-study man in the classifying of operations, 
choosing of constants, and the establishing of variables, curves, 
tables, and the like, will be found to be very valuable. This 
record is known as the Element Analysis. In the element analy- 
sis, each element is analyzed carefully and completely. If it 
happens to be a constant, an explanation of why this is so is 
given. The selected values for all constants, considered sepa- 
rately, are explained and justified. The derivation of the curve 
or table for each variable element should be given and its 
basis justified. Every step and thought which led to the final 
result should be carefully recorded. If in plotting a curve differ- 
ent factors or characteristics from those finally adopted were tried 
and found to be unsatisfactory, it should be explained in the 
element analysis in detail. The value of such an analysis is 
obvious, for should it become necessary to investigate or revise 
a formula at any time, a review of the element analysis will 
give the time-study man who made the formula or any other 
time-study man a complete knowledge of how the formula was 
derived and the reasons for each elemental value. Chapter 
XXVII shows a complete element analysis. 


CHAPTER XXII 
FORMULA EXPRESSION 


The formula expression is the result of all the work which has 
been done in the making of the formula. The first thing which 
was done was to collect data, the next was to analyze and classify 
them into constants and variables, and the next was to build 
up the values or to compile them into the formula. The building 
up of the values is done by synthesis, after which the expression 
is formed. The formula expression should be in the simplest 
possible form. Every value should be reduced to the simplest 
terms. It should not be the aim to make an imposing or a. 
complicated expression, but rather to keep in mind the time which 
will be required to apply the formula. The routine man who 
uses the formula is usually a busy man, and if the formula takes 
what in his mind is too much time, he will short cut much of it 
and will probably establish many inconsistent values. The 
purpose and the meaning of every term in the expression should 
be readily understandable without referring to the formula 
report, and every symbol should be clearly defined in brief terms. 

If space does not permit a clear definition of how and when to 
use any of the values in the expression, it is sometimes necessary 
to write an instruction sheet or set of instructions which should 
explain clearly and fully how and when each value is allowed 
and also any explanation which is deemed necessary on how to 
compute them. 

Combining Constants.—In order that the expression be in its 
simplest form consistent with accuracy and time required to 
compute, it is necessary that all values and symbols be combined 
where possible. This combining process is explained under 
Synthesis in the Formula Report, and reference to Synthesis 
should show every step in the combining process. All possible 
combinations should be made in the building up of the formula. 
For example, take a simple operation, say drilling, tapping, and 
countersinking holes on a drill press. The formula from which 
the tapping time is determined will probably cover other opera- 
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tions such as reaming, burring, counterboring, and the like. 
The formula expression will contain 4 constant, which will be 
the sum of all elemental operations which occur on every drill- 
press operation, plus a term for drilling which considers the size 
of hole, the thickness of part to be drilled, and the material, 
and which is multiplied by the number of holes, plus a similar 
term for countersinking, plus a tapping term which takes into 
account the size of tap and the depth threaded, and other terms 
which cover additional handling operations. Any one of these 
terms is made up of several elemental time values, and the time 
value which is finally established is the sum of the appropriate 
terms multiplied by the number of occurrences. 

The elemental operations may be classified as part handling, 
machine handling, and machining. Under part handling will be 
grouped such values as “‘pick up part,” ‘‘place in vise and 
tighten,” ‘loosen vise and remove part,” and “lay part aside.” 
It is apparent that these operations will occur once on each piece. 
Instead, therefore, of having the time for each element in the 
expression, the time values allowed will be added together, and 
one value which will take care of the constant part-handling time 
for vise jobs will be given in the formula expression. 

Under machine handling will be grouped such elemental 
operations as ‘‘move to hole location,” ‘‘lower spindle,”’ “‘engage 
feed,” ‘‘release feed,” and “‘raise spindle.” It is also apparent 
that these elements will occur once for each hole drilled and that 
the time must be allowed accordingly, but as in the case of 
part handling, it is not necessary to have in the expression the 
separate time for each element. ‘The elemental times will be 
added together, and the total will be included in the formula 
expression as a single term and will be allowed once for each hole 
drilled. Here it is seen that one value takes the place of five. 
This same process of combining constants and symbols will be 
continued through to the completion of the expression. 

It is possible to go on indefinitely with examples of combining 
constants, but it is not deemed necessary. The examples of 
formulas which are to follow will serve to illustrate how the 
values are combined. This point of combining for simplicity 
and ease of handling should be given a great deal of thought by 
those who are interested in formula work. The authors have 
had men who were not sufficiently grounded in the principles 
of formula construction turn in for approval formulas that were 
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far from being in the simplest form. After carefully analyzing 
the expression, it was possible to reduce its length considerably, 
often to half the number of terms, notwithstanding the fact that 
the time-study man believed that he had combined everything 
that should be combined. 

Tables.—Certain kinds of data should be made up into tables 
and referred to in the formula expression by a single symbol. 
Tables serve to simplify the formula expression and to keep it 
from becoming unwieldy. 

Tables of miscellaneous values have already been discussed. 
It is readily apparent that such values which occur but infre- 
quently can be most conveniently handled in tabular form. The 
time values are thus always available when needed but need 
not be considered on the ordinary run of work. Additions may 
be made to the table of miscellaneous values whenever a repre- 
sentative time value for a miscellaneous operation is obtained. 
If these additions are made from time to time, the table will 
eventually become complete and will contain sufficient informa- 
tion to allow the establishing of all time values without the 
necessity of taking time studies. This, of course, refers only to 
work on which unusual operations may occur and for which the 
accuracy obtainable by a Table of Miscellaneous Values is 
desired. Some classes of work are so simple that no miscellane- 
ous operations may ever occur. In other cases, miscellaneous 
values are so numerous that they are, better covered by a per- 
centage allowance. 

Specific tables may be compiled to cover such operations as 
gaging. Checking and measuring the work may be done with 
pin, plug, ring, or snap gages or with calipers, micrometer or a 
scale. The gaging table will give the time allowance for each 
method of measuring. Similar tables may be compiled under 
specific heads such as a Reinforcing Table for core work or Table 
of Constant Machining Operations for lathe work. 

Tables or charts giving time values for varying conditions of 
feeds and speeds may be conveniently used for machine work. 
An example of such a table has already been given in Fig. 21, 
Chap. IX. 

In many cases, a relation may be expressed either by a curve 
or in tabular form. Figure 40 showed a curve of the time 
required to set nails against the number of nails set. This 
could also have been expressed as follows: 
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TABLE oF NaILinc TIME 


Number of Nailing |{Number of} Nailing ||Number of| Nailing 
nails time nails time nails time 
1 0.0011 21 0.0102 4] 0.0193 
2 0.0015 22 0.0106 42 0.0197 
3 0.0020 23 0.0111 43 0.0202 
4 0.0025 24 0.0115 44 0.0207 
5 0.0029 25 0.0120 45 0.0211 
6 0.0033 26 0.0125 46 0.0216 
U 0.0038 27, 0.0130 47 0.0220 
8 0.0042 28 0.0134 48 0.0225 
9 0.0047 29 0.0138 49 0.0229 
10 0.0052 30 0.0148 50 0.0233 
11 0.0056 31 0.0147 51 0.0238 
12 0.0060 32 0.0152 52 0.0243 
13 0.0065 33 0.0157 53 0.0247 © 
14 0.0070 34 0.0161 54 0.0252 
15 0.0075 35 0.0166 55 0.0257 
16 0.0079 36 0.0170 56 0.0262 
Wy 0.0083 37 0.0175 57 0.0266 
18 0.0088 38 0.0179 58 0.0271 
19 0.0092 39 0.0183 59 0.0275 
20 0.0097 40 0.0188 60 0.0280 


If the formula is to be applied by a man who has had little or 
no technical training, a table will be easier for him to handle 
than a curve. ‘Tables offer less opportunity for error when used 
by an untrained man and thus permit the establishing of more 
consistent time values. 

Most time-study men, however, are thoroughly familiar with 
curves and those who are not can be readily trained to use them. 
With a little practice, accuracy will be developed. Tables are, 
in general, more bulky than curves and often require interpola- 
tion. Where interpolation is required, the advantages enumer- 
ated above are lost. 

Curves.—Curves plotted on rectilinear coordinate paper form 
about the simplest and most convenient means of expressing 
relations between variables. It is usually better to leave the 
curves in graphic form rather than to try to express the relation 
which they show algebraically. Many of the curves which 
are obtained in time-study work are straight-line curves. 
The mathematical ability needed to express such curves alge- 
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braically is not great, and where desirable, the curve may be 
reduced to algebraic form. In all other cases, unless there is a 
great advantage in having the algebraic expression, the graphic 
curve may be used satisfactorily. 

Sometimes advantages result in plotting curves to logarithmic 
coordinates. Wherever this is the case, it is perfectly proper to 
use such coordinates. There are many excellent texts available 
on the handling of variable relations graphically which go more 
deeply into the subject than is possible or desirable in a book of 
this kind. It will suffice here merely to recommend the use of 
curves wherever a convenience or a saving in labor is to be 
gained. The examples which follow show clearly how curves 
are used in actual practice. 

Graphic Charts.—Everyone who has had occasion to study or 
use steam charts realizes the great convenience which is gained 
by expressing the many variable relations graphically in one 
composite chart. The same convenience has been gained in 
many other lines and may well be applied to time-study work 
wherever practicable. Such charts will greatly aid in the quick 
and accurate solution of a formulaexpression. A good example of 
this is given in Chap. XXIX. Part of the formula expression, 


TO? ; 
that is, ee + 0.00284C + 0.0207P, has been plotted in 


chart form for each classification of pattern as shown in Curves 
1, 2, and 8 of the bench-molding formula. Values of A range 
from one to seven and of P from one to three. Thus 21 definite 
points are located on the chart from which curves representing C 
may be drawn. The ease with which the above expression may 
be solved is readily apparent. 

Alignment Charts.—Alignment charts may be used to great 
advantage to multiply or divide two or more variable values. 
They are a great aid in computing time values which are affected 
by two variable job characteristics. In Chap. X XI was shown 
the method of expressing such a relation graphically. The final 
curves shown in Fig. 46 may be put into alignment chart form 
as shown in Fig. 47, thus simplifying the computation of the time 
allowed for “‘fill core box with sand and peen.”’ Instead of read- 
ing four scales and performing a multiplication, it is necessary 
only to locate the proper points on the two outside scales, connect 
them with a straight line, and read the time allowed directly on 
the middle scale. 
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Many more elaborate alignment charts have been made to 
cover the relations between time and feed, speed, depth of cut, 
and the like. A chart of this nature is shown in F ig. 48. The 
actual work involved in plotting such charts is not great. Com- 
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Fia. 47:;—Alignment chart made for curves for simple core shown in Fig. 46. 


plete texts covering methods of plotting alignment charts for 
many different conditions are available for reference. 

The Final Expression.—When all constants have been com- 
bined and all charts, curves, and tables compiled, there remains 
only the task of placing them in the most convenient form for 
reference. The algebraic expression is usually entirely satis- 
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factory. It shows clearly all factors that must be considered, 
and it precludes the possibility of any omissions. 

The constant which applies to every job, if such there be, 
should come first. Then follow other constants together with 
the symbols, which in connection with the symbol explanation, 
show when and how often each constant should be used. Lastly 
should follow references to tables and curves. 
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Fie. 48.—Alignment chart—cutting speeds, roughing cast iron. 


The final formula expression should be in the simplest terms to 
which the data may be reduced. All possible combinations and 
contractions should have been previously made. In most cases, 
even for rather complex work, the final formula expression will 
be rather short and easy of solution. In the examples which 
follow, the surprising amount of condensation which is possible 
is clearly shown. 


-CHAPTER XXIII 
TESTING AND SELLING THE FORMULA 


After the formula has been put into its finished shape, the time- 
study man must satisfy himself as to its accuracy. Before he 
can attempt to sell the formula to anyone else, he must have com- 
plete confidence in it himself. He should have the confidence 
which is born of knowledge and ability, and he will then strengthen 
this confidence by testing the formula thoroughly under the 
conditions of actual use. 

There are three general ways of testing a formula. The most 
reliable and satisfactory way is to select, from the time studies 
taken on the work to which the formula is meant to apply, a 
number of studies on various jobs which will be considered as 
being representative. Then for these jobs the allowed time is 
calculated from the formula and checked against the time derived 
from the studies. These studies are usually available from those 
taken while collecting data for the formula. The other two ways 
are by checking formula values against existing values established 
by time study and by checking formula values against time-study 
values and overall checks obtained for the purpose. The first 
method involves less actual work and is used wherever a sufficient 
number of time studies are available. 

Checking against Existing Time Values.— Wherever any time- 
study work has been done, there are generally some time values 
established on jobs which were made at one time in fairly large 
quantities. These values may be conveniently used for checking 
a newly compiled formula. A form similar to the one shown in 
Fig. 49 may be ruled up to give columns for the job identification, 
the old time value established by time study, and the new value 
computed from the formula. 

As has been previously pointed out, values set from time study 
over a period of time by different time-study men are very unlikely 
to be truly consistent. It is therefore not to be expected that 
all formula values will check exactly with all time-study values. 
They should, however, check closely to within a few per cent plus 
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or minus, and the total of the old and the new values may be 
expected to be very nearly the same. 

When making a check by this method, care should be taken to 
select jobs which will test the formula from one extreme of its 
application to the other and not merely to select jobs which are 


Drawing number Item USS Bae NO 
allowed, hours allowed, hours 
616369 4 0.265 0.208 
633278 1 0.100 0.100 
620074 2 0.260 0.210 
623705 1 0.200 0.465 
606339 1 0.225 0.199 
398543 1 0.140 0.147 
604657 5 0.088 0.1138 
23933 2 0.020 0.020 
427389 6 0.007 0.021 
376845 1 0.030 0.044 
602577 9 0.060 0.060 
352437 2 0.025 0.028 
402554 3 0.015 0.044 
402554 9 0.020 0.025 
373259 1 0.014 0.0143 
13533 1 0.040 0.050 
377898 3 0.083 Denil 
723713 1 0.178 0.148 
700379 1 “0.100 0.130 
708267 2 0.040 0.028 
419265 3 0.149 0.166 
608629 3 0.070 0.059 
38691 2 0.200 0.205 
341717 1 0.102 0.167 
20761 1 0.166 0.156 
435215 6 0.034 0.045 
334356 20 0.160 0.174 
427290 2 Omi? 0.114 


Fig. 49.—Comparison of old and new time values for sawing asbestos lumber. 


all very similar. The check should cover at least 30 or 40 jobs 
and more if practicable. Greater confidence will be engendered 
in the minds of those to whom the formula is later to be sold if 
they are shown a representative list of jobs upon which a check 
has been made. 
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Time values which have been established by estimates or 
overall checks should not be used in testing a formula unless 
they are considered only for what they are worth. Such values 
are practically certain to be very inconsistent. If such a value 
does not check with a formula value, it is quite natural and logical 
to assume that the old value is incorrect. To be perfectly 
consistent, any agreement which may be found between old and 
new values must be attributed mostly to chance. It is better, 
when only such values are available, to make the test by the 
third or overall check method. 

Checking Where No Accurate Time Values Exist.—In some 
cases an insufficient number of time values upon which depend- 
ance may be placed will be available. It is then necessary for 
the time-study man to establish time values of his own which will 
be used solely for the purpose of making the check. He already 
has on hand the detail time studies from which he constructed 
the formula. A check of time values worked up from these 
studies against values set on the same jobs by the formula will 
tell whether or not the time-study man has compiled his formula 
correctly from his available data. It will not, however, tell 
whether or not the formula is truly representative. There is a 
chance that the jobs on which the formula is based were not 
strictly representative, and this is one of the things which the 
test must determine. 

The time-study man must, therefore, establish additional time 
values on jobs which were not used in constructing the formula. 
It is not essential that these time values which will be used only 
for checking be established from detail time studies. Detail 
time studies, of course, will give highly accurate time values, but 
the accuracy needed for a check does not warrant the amount of 
time and labor involved. Rather, it is only necessary in most 
cases for the time-study man to observe one piece being made. 
He will note the overall time taken, the time for any foreign 
operations which may have occurred, the skill and effort exhibited 
by the operator, and the conditions under which he worked. 

The overall time less the time taken up by foreign operations 
multiplied by the leveling factor determined by skill, effort, and 
conditions, will give the standard time for performing the opera- 
tion. This time increased by the allowance percentage will give 
the allowed time which may be used for the purpose of checking 
the formula. The allowed time thus found will be entirely 
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accurate enough for the purpose of the check. If any large 
discrepancy is found between the time established by the overall 
time check and time computed by formula, a detail time study 
should be taken to determine which is wrong. 

Making Overall Formula Checks.—The making of these overall 
formula checks may be greatly facilitated by the use of the form 
shown in Fig. 50. When the check has been made, this form 
may be filed away with the other data which were used in con- 
structing the formula. The first seven columns are filled in 
when the check is being taken. The subsequent computations 
may be performed at leisure. 

It is possible, in a comparatively short time, to get overall 
checks on the 30 or 40 different jobs that are needed for an 
accurate test, provided that such jobs are being worked at the 
time. If not, the time-study man will have to watch the floor and 
take his checks whenever he sees a job being worked on which he 
has no data. He may, if he wishes, rule up the back of the form 
so that he can conveniently record thereon the variable charac- 
teristics of the particular jobs he is checking. Such a ruling 
designed to check a formula is shown in Fig. 51. More will be 
said later about special forms which make easy the collecting 
of the information necessary for establishing time values by 
formula. 

When the time-study man has collected sufficient data, it is a 
simple matter to make a comparison: The formula values will 
be found by substituting properly in the formula. The allowed 
time may be conveniently computed from the equation: 


Allowed time = NLA 
where A = (per cent allowance + 100) + 100, 
L = leveling factor, 
N = net overall time. 


Results of the Test.—After the values for making the test 
have been obtained, the next step is thoroughly to analyze them. 
If the formula values check closely with the values against which 
they are being checked, it is necessary only to make certain that 
at least one of each type of job which will come under the limits 
of the formula is included in the check. If this is found to be 
the case, the formula may be considered as definitely correct. 

If the formula values do not check with the other time values, 
it is an indication that further analysis is necessary. If the 
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formula has been checked against existing time values, it may be 
felt that the formula is right and that the other values are wrong. 
Any question of the accuracy of these time values may be settled 
by making a test by the overall check method. If this test 
shows the formula to be correct, it may safely be assumed that 
the existing time values were wrong. Where certain time values 
check with formula values and others do not, it will probably 
be found that the formula applies to certain classes of work and 
not to others. The formula should be revamped so that it will 
apply to all cases, or its application should be limited and a new 
formula made to cover the other work. If no agreement at all 
is shown by the check, the formula must be gone over carefully 
and checked for errors. In the majority of cases, however, if 
the formula has been compiled according to the methods given 
in the preceding chapters, it will be found to check out 
satisfactorily. 

Importance of Selling the Formula—Once the time-study 
man has firmly convinced himself of the accuracy of the formula, 
his next step is to convince everyone else who will come in con- 
tact with it that with it time values may be established as well 
as or better than by time study. This step is particularly 
important where the idea of the formula is new. It is difficult 
for anyone not acquainted with the details of formula construc- 
tion to see how the time-study man expects to establish accurate 
time values without taking time studies and without, in most 
cases, even watching the job being done. The impression is 
likely to be conveyed that time values so given are merely esti- 
mates. The workers will often at first complain that the values 
are too low, thinking that the time-study man has nothing to 
back up his work. They have little trouble in convincing unin- 
formed foremen that the time-study man is establishing values 
by guesswork and that his guesses are all too low. 

Rather than have this feeling become prevalent, it is better 
to sell the formula before it is put into actual use. Even in 
plants where formulas have been used for years, it is well to go 
over at least briefly every new formula with all who may be 
interested. Any renascent doubts as to the fairness of formulas 
will thus be nipped in the bud. 

Selling Formulas to the Supervisors.—The first man to con- 
vince of the fairness and accuracy of formulas is the plant 
manager. It will, of course, be necessary to have his backing 
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before going ahead. He will be interested not so much in 
any one formula in particular but rather in formula principles and 
practices in general. A brief outline of the principles given in 
the foregoing chapters together with a simple formula as an 
illustration should be enough to convince the manager of the 
soundness of formula practice. Once convinced, there will be 
little need of reopening the subject with him. 

The superintendent of the department in which the formula 
is to be used should have the subject of formulas presented to 
him in the same general way, with perhaps a little more detailed 
explanation of the formula itself. If the subject is presented to 
him properly, he will readily see the reasoning behind the formula. 
He will recognize that certain elemental operations must be 
performed every time a piece is made and that they will be 
constant. He will readily see that the deeper a certain sized 
hole is drilled in cast iron, the longer it will take and that it will 
require longer to drill a given hole in steel than it will in brass. 
Such variable relations he will recognize as fast as they are pointed 
out to him, and in the end he will be convinced that a formula 
is merely applied common sense. The mathematics involved 
in formula expression will appear as a mere detail after a thorough 
explanation of principles, whereas if he were to be presented the 
formula without the explanation, he would feel that it was all 
theory and mathematics and of questionable value in 
everyday work. 

The foreman who supervises the work which the formula 
covers should next be shown the formula. After he under- 
stands the principles involved, he will be interested in quantita- 
tive details, such as how much time is allowed for performing a 
certain operation and how another operation is handled. The 
time-study man will demonstrate, with the list of representative 
jobs used to test the formula, the accuracy and consistency of the 
formula. He will call attention to the fact that, as the job 
characteristics which affect the time vary, the time allowed 
varies in a proper proportion. 

Selling Formulas to the Workers.—It is seldom practicable to 
give such a complete explanation of formulas to every worker 
who is to work under them, although the time-study man is 
always ready to go into it with any who may be interested. 
Rather it is a case of selling the time values themselves. If the 
worker is convinced that he can meet or better a number of 
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time values and that all other values will be set in the same 
way, he will not question the method by which they are set. 
The longer he works under such time values, the more he comes 
to appreciate their accuracy and consistency. The vast fair- 
minded majority of workers will not question any time values 
unless a question is justified because of some clerical error in 
computing one particular time value. Thus it may be seen that 
formulas, once proved correct, bring about better feeling between 
time-study men and workers and decrease the number of com- 
plaints and arguments both justifiable and unjustifiable. 


CHAPTER XXIV 
THE FORMULA REPORT 


After the formula has been compiled and tested, there remains 
only the writing of the formula report before it may be considered 
completed. The formula may be used by the time-study man who 
made it or by others under his personal supervision before the 
report is written. This is not, however, the best practice. Once 
the formula has been put in use, there will be so many details 
arising to claim the attention of the time-study man that he will 
have little time for a week or more to work on the report. When 
he has time, he will probably be wanted badly elsewhere, and he 
will tend to let the report go for a still longer time. When he 
finally does get to it, the details of the formula are no longer fresh 
in his mind, and the report suffers accordingly. Therefore, if 
possible, the report should be written as soon as the actual 
formula is completed. 

What the Report Is.—The formula report tells in full all the 
details of the construction of the formula, and it also gives a clear 
account of just how the formula is to be applied. A good formula 
report should make two things possible. First, it should enable 
anyone to check back at any future period and see where and how 
each value was obtained. The element analysis will show the 
reasoning process followed by the time-study man in dealing 
with each individual elemental operation. The formula report 
will show just how these values were combined and built up into 
the final formula and will also enable one to trace back to the 
original study from which each value was taken. Second, the 
formula report will make it possible for anyone who is familiar 
with formulas in general to apply the particular formula even 
though he has never seen it before. The importance of the report 
should now be clearly apparent. In order that the report may 
do all that it should do, it must be written in a clear manner, and 
it should overlook no detail connected with the formula. A good 
report is not easy to write, but any time spent to make it per- 
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fectly clear will pay for itself time and again. The time-study 
man who made the formula will not always be available for ques- 
tioning, and when he is not, the formula report must furnish 
all the information required. 

Now and then some workman gets the idea that he is doing 
something on the job which has not been considered in the time 
allowed. If he is right, the formula should be revised to take 
care of it, but if it has already been taken care of, the formula 
report should show conclusively that this is the case and also 
just how much time is allowed on any particular job. As an 
example, on the operation of winding revolving field coils, it was 
necessary to replace empty wire reels with full ones, the size of 
the coil being wound determining the number which could be 
made from each reel. The time required to change reels complete 
was found to be 0.1400 hour. Upon checking a number of reels 
it was found that the average weight was 100 pounds. It was 
decided to include time for this work with the time for winding 
the coil. This was done by dividing the time taken to change 
reels by the average weight of a reel of wire, which gave the time 


0.1400 
"160. - or 0.0014 hour. 


Then to each coil was added the time to change reel per pound of 
wire times the number of pounds the coil weighed, which would 
be in the case of a 20-pound coil 20 X 0.0014, or 0.028 hour. 
One of the operators who was engaged on this work did not 
understand how this was taken care of and questioned his fore- 
man. The foreman took the matter up with the time-study man 
who secured a copy of the formula report which very completely 
and comprehensively explained how this time was added. The 
evidence was there and could not be disputed. The operator 
and foreman were fully satisfied and were sold to the formula 
method of establishing allowances. Ifthe formulareport had not 
been complete in this respect, it might have been difficult to 
convince these men and might have aroused their suspicions as 
to the honesty of purpose. 

Report Outline.—The formula report should be written up in 
standard form both to insure a uniformity of practice throughout 
the plant and, more important, to minimize the chance of the 
omission of any pertinent facts. The standard subdivisions 
which should be used in all reports are as follows: 


to change reels per pound of wire as 
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Formula Number 
Date 
Part: 
Operation: 
Work Station: 
Allowed Time: 
Application: 
Analysis: 
Procedure: 
Time Studies: 
Table of Detail Operations: 
Synthesis: 
Inspection: 
Payment: 


In addition to these standard subdivisions, any other set of 
facts which it is desirable to keep apart may be placed in separate 
subdivision with an appropriate subheading. At the end of 
the report, space should be left for the signature of the time- 
study man who made the formula and for the approval signature 
of his immediate superior. 

Formula Number and Date.—Every formula should be 
assigned a number by the man in charge of time-study work in 
the department where the formula is to be used. The formulas 
may be numbered from one on up in the order in which they are 
compiled. This number will serve to identify the formula defi- 
nitely and it will also give a convenient filing index. 

In large plants, it is well also to identify the formula with the 
department to which it belongs. Thus Formula A-10 No. 3 
would identify the formula as being the third which was applied 
in department A-10. Such identification practically eliminates 
the chance for duplicate formula numbers in different parts of 
the plant. 

The date is, of course, the date upon which the formula is 
first applied. It is extremely important to have this date 
recorded, for it enables one to check back and definitely deter- 
mine just what conditions were at the time the formula was 
made. If any objection to time values is raised on the grounds 
of changed conditions, it will thus be easy to determine whether or 
not the objection is valid. 

Part.—Under the subheading of Part should be listed the 
general classes of parts to which the formula will apply. This 
may generally be expressed in a few words as ‘‘all small alloy 
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and cast-iron castings,” or “‘slate panels up to size 22 by 48 by 
l inches. Wherever the formula applies to a line of work which 
is identified by type, style, or other numbers or letters, this 
nomenclature may be used with a gain in conciseness. ‘Type 
AP and AF autostarters,” or “801 switch groups,’ clearly 
identifies the parts to which the formula applies. 

Operation.—The operation which the formula covers is noted 
under this subheading. This again may usually be expressed 
in a word or two as “mill,” ‘“‘assemble panel to cabinet,” or 
“cut off to length.’”” Where the formula is more comprehensive 
and covers a number of different operations performed by one 
operator or group of operators, every operation included in the 
formula should be listed for the sake of clearness. 

Work Station.—The work station at which the operation is 
performed should be designated here. If the work is done on a 
bench or the floor of the shop without the use of machine equip- 
ment, ‘‘bench”’ or ‘‘floor’”’ describe the work station sufficiently. 
Where machines are used, a complete description of each machine 
covered by the formula should be given. The size, type, maker’s 
name, and other identifying information should be fully listed. 
If the plant assigns numbers of its own to the machine, these 
should also be recorded. Such complete descriptions will elimi- 
nate much future argument when the time-study department 
revises its formulas because of new and improved machine equip- 
ment. There will be no doubt that the revision is due to a change 
in equipment and not due to an arbitrary cutting of time values. 

Allowed Time.— Under this subheading are given the algebraic 
formulas for computing first-piece and additional-piece times, 
together with a key to the symbols used. All tables used in 
connection with the formula are included here. In short, all 
the information necessary for computing time values when one 
is familiar with the principle of the formula is given under 
Allowed Time. It contains the real meat of the formula report. 
Some examples of the form in which the allowed-time information 
should be recorded are given in the formula examples in Chaps. 
XXVII to XXXIII. 

Application.—A clear concise statement of the work to which the 
formula applies should be given under the subheading of Appli- 
cation. If words are chosen carefully, it is generally possible to 
state the formula application in a single sentence. The following 
is an example of the manner in which it should be recorded: 
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This formula applies to the molding of all alloy castings on Tabor 
Vibrator Molding Machines, Company Nos. 6208 to 6217 inclusive, 
as done in the brass foundry at the present time with the present auxil- 
lary equipment, sand, metal, and other conditions being as of May 1, 
1925. 


It will be seen that the first part of the above application is 
merely a repetition of what has already been stated under Part, 
Operation, and Work Station. The second part definitely limits 
the formula to the conditions which were in effect at the time the 
formula was compiled. The time-study department goes on 
record saying that the formula will hold good as long as conditions 
remain unchanged, and the workers are given this additional 
assurance that time values will not be reduced to limit earnings. 
At the same time, the time-study department retains the right 
to change the formula when conditions change, which is but 
just. The workmen, of course, know that only the time values 
which are affected by the changed conditions will be adjusted, 
and they are rightly certain that a minor change in conditions 
will not be used as an excuse to revise the whole formula. 

If the formula applies only to certain sizes of work within a 
given class, it should be clearly noted under Application. This 
will serve to inform whoever may be applying the formula of 
its particular limits of application. . 

Analysis.— Under Analysis should be told the complete story 
of the formula. Any point which may need stressing or amplifica- 
tion should be brought out here and everything which has a 
bearing on the final formula should be explained. 

First, a list of the small tools and equipment other than the 
actual machine should be given. This will include such things 
as wrenches, pliers, screwdrivers, clamps, dogs, chucks, center 
punches, brushes, gages and measuring tools of all kinds, surface 
plates, jigs, fixtures, and any other equipment which may be 
required to perform the operation. 

Next should come a list of the supply materials required, if 
any are needed. Under this heading would come tape, cotter 
pins, nuts and bolts, wood screws, escutcheon pins, cutting oil, 
waste, solder, and other miscellaneous supply material. Such 
material is generally used on assembly or partial-assembly 
operations. 

A brief but complete outline of the material-handling situation 
should be given under Analysis. Whether or not material is 
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handled by special laborers should be noted in order to justify 
the way handling time was cared for in the formula. If supply 
men are added or removed at some later date, the time-study 
department needs to have something definitely recorded about 
past material-handling conditions, so that it will be able to 
justify any change in time values which it may be necessary to 
make. Under this head should be included a description of 
material-handling equipment such as jib cranes, lift trucks, and 
the like. 

Then should follow a description of how a job is given to the 
workers and what they must do in the way of getting drawings, 
tools, supplies, and information before they can start to work. 
This paragraph will contain a word about any unusual elemental 
operations, which have been included in the first-piece time. 
It will also explain just how the time spent in gaging, checking, 
and finding dial positions on the first piece is allowed for. 

Another paragraph under Analysis should give an account of 
how finished work is counted and checked and how the worker is 
allowed time for the work he has done. This will include mention 
of any unusual features in the work of the payroll clerks. 

All allowances which have been added to standard-time values 
should be carefully explained. The ordinary allowances for 
personal needs, unavoidable delays, and fatigue should be 
mentioned quantitatively with little or no elaboration. All 
special allowances should be explained in detail. The reasons, 
method of determination, and numerical value should be stated 
clearly and the items which they are to cover should be so given 
as to minimize the possibility of ambiguity. This point is very 
important, for both workers and foremen are quick to point out 
any necessary elemental operations which they feel have not 
been covered in the formula. Unless all operations that were 
included in the special allowances are carefully noted, it is quite 
possible that the same allowance will be added again at some 
later date. 

Other paragraphs under Analysis may be devoted to any 
additional points which come up in the particular formula being 
written up. Any unusual features which may come up in doing 
the work are here discussed. Wherever a word or two of explana- 
tion will serve to clarify the formula expression and make the 
procedure for applying the formula more easily grasped, it 
should be given. ‘The willingness of the time-study department 
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to help and cooperate with the workmen may be reflected in 
suggestions and remarks on how it will be possible to save time 
by combining trips to the tool or drawing rooms and other similar 
ways. Not only will this assist the worker to increase his earnings 
by planning his work, but it will also help to secure greater pro- 
duction from a given equipment. 

The time-study man should not try to complete his writeup of 
Analysis in one sitting. He should record all the points that he 
can think of when he starts, but he will very probably find that 
other points continually occur to him as he is writing the rest of 
the report. These he should add until he can think of no more. 
A good plan then is to show the rough report to a fellow time- 
study man and to ask his opinion of it. The questions that this 
man will ask will quickly show where the report is lacking in 
clearness and detail. Points that may seem obvious to the 
man who has worked with the formula from the start will be 
questioned, and the writer will thus find where addition or 
elaboration is necessary. 

Procedure.—The manner in which the complete operation is 
performed should be given in outline form. It will be little more 
than the names of the elemental operations strung together 
in the order in which they are performed. Operations which are 
_ done only occasionally when necessary on a particular class of 
work should be so marked. The whole purpose of this subdivi- 
sion is to give one a concise word picture of what the operator 
must do to perform the operation completely. 

Time Studies.— Under this subheading should be given a list 
of the time studies which were used to compile the Master Table of 
Detail Time Studies. Three headings may be made as follows: 


Study Number Date Taken Taken by 


In the first column should be noted the numbers which were 
assigned to the studies as they were placed on the Master Table 
as S-1, S-2, and so on. The date on which the study was taken 
is recorded in the second column and the initials of the time-study 
man who took the study in the last. This list of studies will be 
useful in checking back from the formula to the original studies 
at any future period. It also gives an idea of who made the 
studies and when. 

Table of Detail Operations.—Here is recorded the information 
which is contained in the first four columns on the Master Table. 
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The Table of Detail Operations should be headed up as follows: 
Symbol Operation Description Allowed Time ~~ Reference 


This table gives a complete list of all of the elemental-time 
values which were used in constructing the formula. It will be 
valuable for reference when anyone questions how much time 
was allowed for a certain operation. In the Reference column 
are shown the numbers of the studies as they appear on the 
Master Table from which the allowed-time values were selected. 

Synthesis.—The Synthesis subdivision, as its name implies, 
shows how the formula for allowed time was built up from the 
data given in the Table of Detail Operations. First, it shows 
what elemental operations were combined to form constants. 
This is clearly denoted by algebraic expressions. The letters 
which are used in these expressions correspond to the letters in 
the Symbol column in the Table of Detail Operations. The 
expression is given first in purely algebraic form as so many A’s 
plus so many B’s and so on; next is shown the substitution of the 
numerical time values; and finally is given the summation of 
these values or the constant which will be used in the formula 
expression. The synthesis of each constant used both in the 
first piece and in the additional piece expression is thus shown 
in detail. 

Under Synthesis, the derivation of all curves is also given. 
Each curve is discussed separately in detail, and the relation 
between time and the variable characteristic is gone into. Any 
synthesis of the curves themselves is also shown, as are all deriva- 
tions of algebraic expressions from curves. Any information 
which will show how tables of computed values were compiled 
should be included under this head. 

Inspection.—The inspection standards that are in vogue at the 
time the formula was made should be recorded under this heading. 
Inspection requirements are no more fixed than many other things 
which affect the amount of work which must be done. If the 
requirements are made more rigid sometime after the formula has 
gone into effect, it is only fair to the workman to allow him more 
time, if more time is required to produce a better job. The 
time-study man will wish to know what the standards were when 
the formula was made in order that he may be certain of how much 
has already been allowed for. If, on the other hand, it is decided 
that a less carefully made job will be satisfactory or that a smooth 
surface with no tool marks is not necessary, then the company 
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will be entitled to the saving thus effected. Here again the for- 
mer requirements must be known in order that the time-study 
man may make the adjustment fairly and to the satisfaction of all. 

The inspection requirements may be learned from the inspec- 
tion department. If written inspection standards are available 
the time-study man is safe in incorporating them under the 
Inspection subdivision. If not, the time-study man must 
ascertain the requirements by questioning the inspector. He 
must be very careful not to take any answers which are given 
offhand, and he should satisfy himself that the inspector will 
actually require all that he says he will. The time-study man, 
of course, investigates the inspection requirements before he 
takes any time studies, as was explained in the early part of 
this book. 

Payment.—The name of the wage-payment plan under which 
formula values will be applied should be given in this subdivision. 
If it is the standard system which is used in the plant as a whole, 
merely the name need be given. If some special system designed 
to meet special conditions is to be used, a complete explanation 
of the workings of the plan should be made. 

Special Subdivisions.—Any important features of the formula 
report which do not properly fall in any of the above standard 
subdivisions may be handled separately and specially. Where 
a certain line of work is divided and classified as small, medium, 
or large, simple, medium, or complex, or according to some other 
method, a special subdivision defining exactly what is meant 
by each of these terms is practically essential to the correct appli- 
cation of the formula. Several examples of special subdivisions 
will be noticed in the examples of formula reports which are 
to follow. 

Signatures.—Every formula report should be signed in ink by 
the time-study man who made it. It should also bear the signa- 
ture of the time-study supervisor. The title Time-study Super- 
visor is used to denote the immediate superior of the time-study 
man. His actual title will vary with the plant with which he is 
connected. The typing in the space for signature should be in 
the following form: 


Approved: 


Time-study Supervisor Time-study Department 


These signatures should come at the end of the formula report. 
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Formula Working Sheets.—The routine time-study man who 
is to apply the formula does not need to refer in his daily work 


Formula P-2 No. 26. 
Nov. 15, 1925. 


Part: 
Controller shafts. 
Operation: 
Grind gear, handle, star wheel, and bearing fits. 
Machine: 
Norton grinder, size 6 by 32 inches (2-inch stone) No. 23793. 
Standard Time: 
First-piece Time.—0.163 + T + 3 (each additional-piece time). 
Additional-piece Time.—0.0175X + 0.0016L. + 0.01384Y + 0.0087 
(Ep 1) 22/0/0021 
where L; = total length in inches of fits 17 inches or under. 
L, = Total length in inches of fits over 174 inches. 
T = values from Table I. 
X = number of fits 17 inches or under. 
Y = number of fits over 12 inches. 


Tasie I.—TrRvuE STONE 
Number of Fits 
per Shaft Decimal Hours 


1 0.1068 
2 0.1068 
3 0.1602 
4 0.2136 
5 0.2670 


Application: . 

This formula applies to rough and finish grinding of shafts up to and 
including 6 pounds where length of fit does not exceed 8 inches, as done 
in See. P-2 with methods and equipment as at present. 

Inspection: 

Inspected for size. Inspection requirements are: 

{ +0.0005 


Handle, star wheel, and gear fits............ —0.0000 


ROA TIO f1tG)st-cant, tnt Mant tote so ieee eRe ne 


Payment: 
Standard-time job basis. 


Approved: A. W. Grear Jas. C. Carter 
Time-study Supervisor Time-study Department 


Fie. 52.—Example of formula working sheet. 


to all of the subdivisions included in the formula report once he 
has become familiar with what is contained therein. He will use 
chiefly the material contained under Allowed Time although there 
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are several other items which he should have before him. He 
is very likely to be using more than one formula, so in order to 
cut down the bulk of paper and in order to make it more conveni- 
ent to handle the formulas, formula working sheets should be made 
which will contain only the information which is needed to carry 
on the daily work of setting time values. These working sheets 
should include the formula number and date; part, operation, 
work station, allowed time, application, inspection, and payment 
subdivisions; signatures; and all tables, curves and charts. 

The formula working sheets may be typed up in the manner 
shown in Fig. 52 on thin paper, and for the sake of the appear- 
ance, within the bounds of a heavy border. From these sheets 
blueprints may be made which will be the working sheets 
used by the routine time-study man. By the use of blueprints, 
the replacement of dirty or torn working sheets becomes a com- 
paratively inexpensive matter. The typewritten formula report 
may be kept in a clean place, and since it is handled infrequently, 
will remain legible for a number of years. 

The working sheets of all the formulas used by one time-study 
man may be kept together arranged in numerical order in a 
clamp cover. From this one book, the time-study man will then 
be able to set time values on all of the work which he handles. 
He will always keep his formula reports filed conveniently, so 
that he may readily check back on any point of formula construc- 
tion and show definitely how every point was cared for. 


CHAPTER XXV 
CLERICAL ROUTINE 


When the formula report has been finished, the formula, as 
far as the time-study man is concerned, is complete. There 
remains, however, a certain amount of clerical work necessary 
to put the formula and all the paper work connected with it 
into the best permanent form for use and reference. If this is not 
done systematically, part of the data or computations or rough 
curves will very probably soon become mislaid, and any recheck- 
ing or revising of the formula will become increasingly difficult 
as time goes on. Anyone who has tried to piece together the 
details of the construction of an old formula from a few scattered 
time studies and some unidentified computations will readily 
recognize that time spent in putting such information into shape 
for reference is time well spent indeed. 

Stenographic Work.—The formula report and the formula 
working sheets should be typewritten in order to have them in 
neat legible shape. At least three copies of the formula report 
should be made and more, if more than one routine man is 
to apply the formula. Only one copy of the working sheets is 
made, and duplicates are obtained by blueprinting. 

Unless the time-study man can doexceptionably good freehand 
lettering, typewritten scales, titles, and the like on all curve sheets 
promote neatness and uniformity of appearance. Most tables 
may be typewritten to advantage except where more com- 
pactness than is possible with a typewriter is desired. 

Working Data.—All the data which were used in making the 
formula should be gathered together and kept on hand for 
reference. This may be done conveniently by placing all such 
data in a paper envelope about 9 by 114 inches in size. Such 
an envelope will be practically dustproof, and it will hold very 
nicely all the miscellaneous sizes and shapes of paper upon which 
various pieces of information may have been recorded. For 
purposes of identification and filing, number, part, operation, 
and date of the formula should be marked on the upper right-hand 
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corner of the envelope. Figure 53 shows a form in which this 
information may be arranged. A rubber stamp may be used 
to mark this form on the envelope. Where more than one 
envelope is needed to hold the working data, the total number 
of envelopes used should be marked on each envelope. One 
may thus always be sure as to whether or not he has a complete 
set of data. 


Fig. 53.—Form used for formula identification purposes. 


An itemized list of what should be placed in the envelope is as 
follows: 

All time studies. 

Master Table of Detail Time Studies. 

Element analysis. 

All rough curves and computations. 

Sketches. 

Pencil copy of formula report. 

Formula test data. 

Extra copies (at least one) of formula report. 

Extra blueprinted working sheets. 

Miscellaneous data bearing on formula. 

Related data should be clipped together and marked. The 
contents of the envelope will in the majority of cases sub- 
divide itself into the groups given in the above list. If these 
groups are kept separate and are properly marked, much subse- 
quent hunting will be eliminated. 

Central File.—The original typed formula report and the typed 
formula working sheets should be placed together in a white 
manila folder. The formula identification form may be 
stamped on the folder with the rubber stamp previously men- 
tioned. This folder should be kept in a central file in the office 
of the head of the whole time-study organization. There will 
be less chance of this information becoming soiled or lost in a 
file of this sort than there is in the less permanent files out in the 
shop offices. In addition, all formulas come under the inspec- 
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tion of one man. Knowing what has been done towards formu- 
lating data on a certain class of work in one department, he will 
be in a position to prevent any duplication of effort in other 
departments. He will be able to supervise formula work in 
general and will know whether or not standard practice is being 
followed. If he comes across a good new idea developed by 
one time-study man, he will quickly pass it on to all other time- 
study men. 

When new blueprint copies of formula working sheets are 
needed, it is necessary merely to call the central file and request 
that they be made. If these sheets were kept by the individual 
time-study men or even by the time-study supervisors, the chance 
for certain sheets becoming mislaid or lost is readily apparent. 

Establishing Time Values by Formula.—The routine work of 
establishing time values by formula should be carefully con- 
sidered, for any work which may be saved will be multiplied by 
many time values. The routine will vary with the nature of the 
work and the nature of the formula. It has, in general, five main 
steps; jobs upon which no time values have been set must be 
brought to the attention of the time-study man; the time-study 
man must collect the information necessary for applying the 
formula; he must compute the time value; he must tell the 
worker what the time value is to be; and he must make a perma- 
nent record of the time value so that he will not have to compute 
it every time the job comes along. 

Ascertaining What Jobs Have No Time Values. —A workman 
likes to know what the allowed time is before he starts in on a job. 
Not only that, but he is likely to withold his best efforts until he 
learns what the time value is, thinking that the time-study man 
may be influenced by what he does. An explanation of the way 
time values are set will serve to minimize this feeling, but it 
exists to quite an extent in a number of cases. Both in order to 
satisfy the workman and in order to speed up production, it is 
desirable, if possible, to establish time values before the job is 
worked. Whether or not this is possible and how it may best be 
done are dependent upon the nature of the formula and the partic- 
ular dispatching system used for starting jobs through the shop. 

With certain machine formulas, itis necessary to see the job 
made and to get the actual cutting time taken. This is, however, 
generally due to the fact that insufficient data on feeds and speeds 
are available, and comprehensive data will eliminate the necessity 
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for timing such jobs. Where such formulas are in use, it is 
obviously impossible to establish a time value before the job is 
started. In cases like this, the worker notifies the time-study 
man when he is ready to start the job. The time-study man goes 
out on the floor and gets his data as soon thereafter as he has a 
little spare time. 

Most formulas permit the establishment of time values either 
from the drawing or from the piece being worked. Where it is 
possible to use drawings, the workmen bring them to the time- 
study man whenever they get them where no definite dispatching 
system is used. Attached to the drawing is the time slip of the 
worker. When the time-study man has computed the time 
value, he notes it on the time slip. The workman gets the draw- 
ing and the time slip on his next trip to the office. By getting 
drawings and time slips ready as soon as he knows that he is to 
do a certain job, the worker will be able to obtain the time value 
before he is ready to do the actual work. 

When work is given out at a central dispatching station, the 
time-study man can periodically examine the jobs which are to 
be made and can easily have the time values set before they are 
due to be worked. 

Collecting Information.—The time-study man must get together 
certain information before he computes time values from his 
formulas. Where he can obtain this information from a drawing 
at his desk, he can look up each variable when he is ready to use 
it. When, however, he must go out onto the floor or to the dis- 
patching station and examine the job itself, he must record 
all necessary information in such form that he can use it later at 
his desk. He will find it very useful to draw up some sort of 
special form which will enable him to record the information in 
an understandable manner, to be sure that he has recorded all 
that he will need, and to place the information in convenient 
form for substitution in the formula. 

An example of such a form is given in Figs. 54 and 55. This 
form is used with a sensitive drill press formula. It is necessary 
to go out on the floor to examine the nature of the drill jig when 
one is used. The other data may be obtained from the drawing 
of the part, but the form will facilitate recording them and 
computing the final time value. 

Considerable ingenuity may be exercised in devising such forms. 
If the routine man has the inventiveness and vision necessary for 
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compiling formulas, he will reflect it by devising such labor- 
saving forms. Any tendency in this direction will be heartily 


Jig AVEY DRILL PRESS tem 
Vi ; 
Table mere Sab. 


No. spindles not tapping 


No. spindles tapping 


No. drills over 54'' diameter 
lo, of clamps 


No. jigs blown out-turn over 


No. jigs cleaned with brush 
lo. covers opened and closed 


BERRA 
! 


C-1 | No. covers put on and taken off 
lo. of hexagon nuts 


No. times bushing is inserted 


| 


lo. locater screws—hand 


No, locater screws—wrench 


Each Additional Piece 


No. spindles 


No. of parts in jig or vise 


I'ia. 54.—Face of form used for recording job characteristics to facilitate estab- 
lishing time values on Avey sensitive drill press work. 


Tap E 
Size | Tapped 


Countersink 
Redrill 


Ream 


Formula F-1 #12 


Date 


Fig. 55.—Back of form shown in Fig. 54. 


encouraged by the time-study supervisor who is continually on 
the lookout for men who have the necessary caliber to become 
time-study experts. 
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Computing the Time Value.—Computing the time value is 
theoretically merely a matter of substituting certain quantities 
in an algebraic expression and determining the result, but here, 


Size Medium ____AVEY DRILL PRESS |, Item 1 Drawing 
Material Alloy®6 ced Oe oe Sub, § 721906 


No. spindles not tapping No. of blind holes 4 asl Aae at 
No, spindles tapping Constant P Toacat 
[et ere ———e ae] 
= (eet ae Sree 
‘Sua 
No. thumb nuts LADee | 
No. times jig is turned over pay 
Constant 


Miscellaneous values 


No. times bushing is inserted 


No. locater screws—hand 


No. locater screws—wrench First Piece 


Each Additional Piece 


Pr 

) 

° 

e 
SwuRBEENOOO7END 


toes Allowed Depth Thds. 
No. of Ow: Tap P' 
ca Brie 2S is Syed oa 4 


SIEGee : 


Fia. 57.—Back of form shown in Fig. 54 filled in. 


again, much ingenuity may be shown. The man who is applying 
the formula will find that certain conditions occur frequently, 
and he will be able to save himself time by making up tables and 
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lists of figures which will cover these conditions. Time-saving 
devices that the man who compiled the formula would be unlikely 
to see should be readily apparent to the man who works daily at 
applying the formula. 

The computation of sensitive drill press time values is made 
easy by use of the form mentioned above. When the variables 
have been noted, it is necessary only to multiply the proper 
values by the number of occurrences, record the products, and 
add them up. The way the form looks after the value has been 
computed is shown in Figs. 56 and 57. From this one example, 
the amount of time that may be saved in the computing of time 
values by making special forms should readily be apparent. 
The formula must, of course, be sufficiently active so that the time 
saved will offset the cost of the forms. 

Informing the Worker of the Allowed Time.—The manner in 
which the worker learns the allowed time will depend on par- 
ticular conditions. Where he has left a time slip attached to 
the drawing on the desk of the time-study man, he will find the 
allowed time thereon recorded when he again gets it. If the 
time-study man has figured time values on jobs which are still in 
the dispatching station, he will note the allowed time on some 
convenient space on the paper work that goes with the job. 
When it has been necessary to see the job actually worked, the 
time-study man should make a trip out to the worker and tell 
him the allowed time as soon as he has it computed. 

In any case, the manner of telling is not so important as the 
fact that the worker should be told. If there is any complaint 
about a time value, it is better to have it while the job is still 
being worked. Then, in extreme cases, it is possible to take a 
detail time study to prove whether or not the value is correct. 
Otherwise, the best that the time-study man can do is to promise 
to study the job the next time it comes along, which is satisfactory 
neither to him nor to the worker. 

Permanently Recording Allowed Time.—The allowed time, 
once established, should be permanently recorded. The routine 
by which this is done has already been discussed in Chap. IV. 


CHAPTER XXVI 
FORMULA-REVISION PROCEDURE 


There should be a fixed procedure for revising a formula as 
well as for making the original, for it is just as desirable that the 
revised product be in standard form as any other formula. The 
procedure for revising a formula parallels closely that for com- 
pilation, although a revision is generally a much simpler task. 

Reasons for Revision.—Formulas must be revised because 
conditions in modern industry do not remain the same year 
after year, but change with more or less rapidity. Any change 
which will affect the time for doing the formulated operation is 
cause enough for formula revision. Before any change is per- 
manently put into effect, it should be certain that it is for the 
best and not just a remedy for a temporary condition. The 
revision of a formula and all established time values involves no 
little expense and should not be made unless there is something 
to be gained. 

Some changes which will necessitate the revision of a formula 
are the installation of better machine equipment, a radical 
development in jigs, fixtures, or special hand tools, the intro- 
duction of improved cutting tools which will work under heavier 
speeds and feeds, a change in material-handling conditions, a 
better method for performing the operation or a change in 
inspection requirements. It is rather obvious that changes of the 
above nature will cause a change in the time required to do the 
work. In fairness to the company when the time is lowered and 
to the workmen when the time is raised, the formula must be 
changed. 

Collecting Data.—Before the change is made, the time-study 
man should become familiar with the details of the old formula. 
He should study in particular the element analysis to learn how 
each elemental operation is performed. Then when the change 
is made, he will be in a position to see just what elemental opera- 
tions are affected. Knowing this, he will make time studies for 
the purpose of determining the new time on the changed elements. 
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All elements but those affected may be combined in these studies 
into as few long operations as is convenient in order to save labor 
in taking and working up the data. Enough studies should be 
taken to fix definitely the new time allowed on the changed 
elements. 

Working Up Data.—The general method of working up the 
data is exactly the same as that used in compiling an original 
formula. Elements are classified as constant or variable and the 
time allowed determined accordingly. 

Outline of Revised Formula Report.—When the revised 
formula expression has been completed, it is necessary to revise 
also the formula report. The report should show the reasons 
for and the nature of any changes that have been made. The 
outline of the subdivisions of the revised report is.as follows: 


Formula Number 
Revision Number 
Date Revised 

Part: 

Operation: 

Old Work Station: 

New Work Station: 

Old Allowed Time: 

New Allowed Time: 

Old Application: 

New Application: 

Reasons for Revision: 

Analysis: 

Procedure: 

Time Studies: 

Additional Time Studies: 

Old Table of Detail Operations: 

Table of Changed Detail Operations: 

Synthesis: 

Inspection: 

Payment: 

Signatures: 


The subdivisions which have the same headings as those in 
the original report remain unchanged. The changed paragraphs 
will be discussed separately in detail. 

Revision Number.—The number of the revision should appear 
directly under the formula number. This will aid in identifying 
the report. The date upon which the revised formula is to be 
first applied is the only date that need be given. 
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Old Work Station—New Work Station.—The distinction 
between the old and the new work stations need only be made if 
the work station has been changed. If it has not, this subdivi- 
sion should be headed Work Station and the description given 
should be identical with that of the original report. 

A change in work station means, in the majority of cases, a 
change in machine equipment. Occasionally a bench or special 
floor fixtures may be devised to replace standard equipment. 
Such a change would be a change in work station, but they are 
not often encountered. Under Old Work Station should be given 
the description which appeared in the original report under Work 
Station. The description of the new equipment will be given © 
under New Work Station. 

Old Allowed Time—New Allowed Time.—These headings are 
self-explanatory. The old allowed time is given largely for 
reference purposes. Occasionally it may be necessary to check 
a time value to see whether it is a new or an old formula value or 
whether it was set by time study. Substitution in the two 
formula expressions will settle the doubt. The new allowed 
time data are those, of course, which are used in establishing 
time values. 

Old Application—New Application.—The headings again 
explain themselves. The new application shows the conditions 
under which the revised formula is applicable. The old appli- 
cation is inserted as a reference and to add clearness to the report 
as a whole. 

Reasons for Revision.—Under this heading should be given 
a clear analysis of the difference between old and new conditions. 
The way in which changes affect parts of the allowed time 
should be explained in detail. Any former elemental operations 
which are rendered unnecessary by the change should be listed. 
This subdivision is to the revision what Analysis is to the original 
report. The same items should be taken up and discussed in 
so far as they have been changed. A clear and logical outline 
of the line of reasoning followed in making the revision should be 
set forth, both as a matter of record and as an aid to the making 
of further revisions. 

Additional Time Studies.—The time studies which were taken 
for the purpose of the revision should be listed in the same manner 
as the original time studies. A new Master Table of Detail 
Time Studies was probably compiled, and in order to avoid con- 
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fusion, its study numbers should be given a subscript as S-1z, 
S-2pe, and so on. 

Table of Changed Detail Operations.—The work involved in 
giving an old and a new Table of Detail Operations is consider- 
able, and it is not necessary to do this unless the majority of 
elemental operations have been changed. In most revisions, 
only a small percentage are changed, and in such cases, it is more 
convenient to insert simply a Table of Changed Detail Opera- 
tions after the old table. 

The Table of Changed Detail Operations may, in order to 
insure clearness, be divided into three parts; Canceled, Revised, 
and Added Detail Operations. Such a division makes apparent 
at a glance just what was done in changing the values used in 
making up the formula expression. 

Other Points.— Under Synthesis, any changes which may have 
been made in the expressions from which constants are obtained 
should be shown. The best way to show this will vary with the 
nature of the expression. The explanation of the change need 
not be elaborate, but it should be clear and easy to follow, Any 
changes which have been made in curves should also be gone into 
fully. 

If a change in inspection requirements has-been the cause of the 
formula revision, the old and the new standards should be set 
forth under separate heads. If not, Inspection will be the same 
as in the original formula report. 

If a number of individual operators whose performance was 
checked and earnings calculated on a day basis were organized 
into a group, then the group’s performance would be checked and 
earnings calculated on a pay basis. The change in wage-payment 
plan would be shown under the Payment subheading. 

The revised formula report is signed in the same manner as the 
original. New working sheets will be made up which will show 
all changes which come under the work station, allowed time, 
application, inspection, and payment headings. The subdivision 
on Reasons for Revision should be included on the working sheets. 

Clerical Routine.—Typewritten copies of the revised formula 
report and of the new working sheets should be made out as 
before. All blueprinted copies of the old working sheets and all 
but the original copies, pencil and typewritten, of the original 
formula report should be destroyed. 
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All data used in revising the formula should be sorted out, 
clipped together, and marked in the same way that the original 
data were handled. They should be filed away in the envelope 
with the original data. 

Nothing should be destroyed from the white folder. The 
original of the typewritten copy of the revised report and the 
original typewritten revised working sheets should be filed with 
the old. The revision number should be placed on the outside of 
both the envelope and the white folder. 


CHAPTER XXVII 
FORMULA FOR PANEL MOUNTING 


It is the purpose of these next few chapters to give examples of 
formulas which have been compiled and successfully applied in 
order to demonstrate clearly the wide range of work which may 
be covered. In addition, the construction of the formula on 
panel mounting given in this chapter will be gone into step by 
step in order to illustrate by an actual example the points brought 
out in previous chapters. 

The formula on mounting panels in enclosing cabinets was 
selected for two reasons: first, because it covers a simple operation, 
and hence does not involve a lengthy discussion of the nature of 
the work and, second, because it illustrates some of the things that 
a time-study man should not do, as well as those that he should 
do. 

General Analysis and Survey.—The general analysis of the 
operation of mounting panels in enclosing cabinets showed, 
among other things, that panels were mounted in several different 
ways. They were mounted in some cases on mounting studs, and 
in others they were bolted to mounting brackets within the enclos- 
ing cabinet. The holes in the mounting brackets were laid out 
for drilling, using the panel to be mounted for a template. Still 
another type of panel was mounted on the outside of a screen- 
sided box, and the box itself was assembled by the panel mounters. 

A further analysis of the work performed showed that there 
were only two panels of a special type which were mounted on 
screen-sided boxes. Hence, it was obviously easier to cover this 
class of work by time study. The rest of the panels were mounted 
in enclosing cabinets, and hence it was necessary to get represent- 
ative studies on jobs taking mounting studs, on the laying out 
for drilling of mounting brackets, and on the mounting of jobs 
taking mounting brackets. 

A general survey of conditions showed them to be good. Suffi- 
cient attention had been given to supplying the proper hand tools 
and miscellaneous materials, such as bolts, rivets, and the like. 
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The workers had plenty of room to move about, but cabinets 
and panels were stored fairly close to them. . 
Collecting and Tabulating Data.—Three jobs using mounting 
studs and four jobs using mounting brackets were studied both 
for layout of the mounting brackets and the actual mounting. 
The jobs covered a wide range of size, but had it not been that 
nearly all variable operations were unaffected by whether 
mounting studs or mounting brackets were used, the number of 
studies taken would have been insufficient. As it was, the 
number available was just about the minimum for satisfactory 

results. 

When it came to posting the collected data on the Master 
Table, it was found that a cardinal point had been neglected. 
The elemental operations had not been subdivided similarly 
in all studies. The data covered two Master Tables, and there 
were few elements for which more than two time values occurred. 
The work covered by the studies was bench work, and in many 
cases, it was impossible to split up operations in a definite way 
because the operator himself varied his method of performance. 
For example, take the case of inserting four bolts into tapped 
holes. The first time that the operation was performed, it might 
be divided into ‘‘put in one bolt with fingers” and ‘‘tighten one 
bolt with wrench.” The next time this operation occurred in 
another study, the operator might insert one bolt, tighten only 
partially with a wrench, repeat this three more times, and then 
go over all four bolts with the wrench to secure them more 
tightly. Of course, while there is practically no difference in the 
overall time for inserting each bolt, it is impossible to make the 
subdivisions of the first case in the second. 

The time-study man should have decided how he wanted each 
operation performed and then should have instructed the 
operators accordingly. He would have then been able to divide 
up the operation into its elements uniformly throughout his time 
studies. In the particular case under consideration, this was not 
done, and as there were many reasons for completing the formula 
as quickly as possible, it was necessary to work with the data at 
hand. 

In order to get the data into good shape, it was necessary to 
make a number of computations. These were all included in the 
element analysis so that it is possible to check back and determine 
how any computed value was derived. Thus the element analy- 
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sis is somewhat more elaborate for this particular formula than 
it would be had the data been collected properly. It does do, 
however, what a good element analysis should do; that is, it 
shows every step made by the time-study man in arriving at 
the final values to be used in the formula. The element analysis 
will here be set forth in detail: 


ELEMENT ANALYSIS 


Refer- 
ence 
Mounting Studs: 
Data: 
Pla cers emouncinp studs in DO Set ai ee ane tee rarer 0.0123 S-1 
Screwronnl nut witheineerseam sae manne ee ey eee 0.0075 S-1 
Tighten 3 mounting studs with screw driver..........., _.. 0.0104 S-1 
Place.4 mounting studs and nuts loosely................. 0.0466 S-3 
Place 4 mounting studs and nuts loosely................. 0.0599 S-5 
Tighten 4 studs with screw driver....:..............+-.- 0.0087 S-3 
Tighten 4 ‘studs with screw driver...........-.4.+.-0-0+7s 0.0160 S-5 
(1) Place 3 mounting studs in box and put nuts on loosely = 
O:0123 F$0.02252= sae AAR sete ree 0.0348 


(2) Place 4 mounting studs in box and put nuts on loosely 0.0466 
(3) Place 4 mounting studs in box and put nuts on loosely 0.0599 


Assume a straight-line relation as to time per bolt in (1). 


0.0888 _ 3. x = 0.0464 = time for 4 bolts: 
x 4 
Tighten 3 mounting studs with screwdriver.............. 0.0104 
Tighten 4 mounting studs with screwdriver............... 0.0087 
Tighten 4 mounting studs with screwdriver.............. 0.0160 
Assume same relation for tightening in (1). 
0.0104 3 


y oa 4, X = 0.0139 = time for tightening 4 bolts. 


Overall time for putting in 4 mounting studs complete: 
(1) 0.0464 + 0.0139 = 0.0603 
(2) 0.0466 + 0.0087 = 0.0553 
(3) 0.0599 + 0.0160 = 0.0759 
Time per mounting stud: 
0.0603 


(1) 4 = 0.0150 
(2) oe = 0.0135 
0.0759 


(3) peo 0.0189 


On Curve 1, these values are plotted against panel area. The resultant 
curve is a straight line. The data available do not justify stating that 
this is an ironclad fact, but since these are all the data available, it must 
be assumed that they are correct. 
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From Curve: 


Eq. (1). Time for putting in one mounting stud complete = 0.0119 + 
.0.000028P, where P = panel area in square inches. 


Refer- 
ence 
Name Plates: 

Data: 
Mayrout.2 holesformamesplates oaoaase oe 4. pete hs 0.0072 S-1 
DruleMholewncover.,acewe eo are ae ee 0.0035 S-5 
icexeonenatn erplateanduviv.etsertc.. se acto sciem eke 0.0038 S-1 
Mayon mare plate-anGnastvetsea-tae na ons aektcs «he ans 0.0040 S-3 
ayonsname plates d ivetsse mos. cite ce tae 0.0086 S-5 
eavsou- name plate and ni vietsharma: mn. G nia sconts Sour oce ne 0.0074 S-6 
liay oncname platesand wivels?s. cos. ii. ecko sate bes 0.0080 S-7 
Pavcon name plate ang Vets)... 1s 1s te ees abe e oe ek 0.0113 S-12 
Vel s2rIVetsams satires. See, Ge bad oy canes eed. 0.0056 S-1 
Conterspunch 2iholestaerraae seers thes ouls ae ooh he ees 0.0070 S-5 
aysoutepositionolname platerns. of. 2.0 co ane. 0.0113 S-2 
Mate postioly 4 Olese tm ormecs bak coms esl. sok. ce eee 0.0068 S-5 
Centers punch 4 olese ewer ewne. se ecu soka sit aie saree aay we 0.0092 8-5 
Place on name plate and rivets and cut off 2 rivets...... 0.0075 S-2 
uthO fre DiviVvets ce sae aecstegs sisieasiencka® Pee ete ieetas bats 0.0029 S-6 
MAT KE DOSIIOMEAOLCS Wet eks Mie ost te cick eee esas ounce, osha agers 0.0044 S-5 
CretenamMe plate ANGAIVCLS: certs tie sie cere eles eos wietiels 0.0041 S-7 
Cen manic platter WiVets,, semuerss se sae hele mie ainee ae 0.0071 S-10 
Measure for 2 name plates and mark holes.............. 0.0334 8-10 
Center punch 8 holes and chalk around................. 0.0231 S-10 
Get 3 name plates and measure position................ 0.0043 S-11 
Mar kapOnitlones MOles sett. creel cn cate) ain ene ecu te Sidhe eNelelers 0.0131 S-11 
Get 3 name plates, measure position, and mark 8 holes... 0.0130 S-12 
SSR atc tog] fn (opi hh ne a ae i aan ar 0.0116 S-10 
The procedure in putting on a name plate 13 as follows: 

Lay out position of name plate 

Scribe N holes 

Center punch WN holes 

Drill N holes 

Lay on name plate and rivets 

Cut off 2 rivets > 

Rivet 2 rivets X : where N = number of holes in name plate. 
Lay out position of name plate. 
From S-2 = 0.0113: 
(1) Measure for 2 name plates and scribe 8 holes........ 0.0334 8-10 
(2D). Pheri oyey5) avo) kets. exc, serge oben Cen ots CROs ies AO orc ote 0.0131 S-11 
(1) — (2) = 0.0334 — 0.0131 = 0.0203 = measure for 2 name plates, 

— = (0.0102 = measure for 1 name plate. 


@i)maimerallowed tor layout cas, cee ea tees fe 0.0113 
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Scribe N holes 
Mark position 4 holes—0.0068 
Mark position 2 holes—0.0044 
Mark position 8 holes—0.0131 
Plotting this, the Y intercept = time to get ready to mark holes = 0.0013 
From curve ordinate = Cee 0.0015 
abscissa 
(2) Time to scribe N holes = 0.0013 + 0.0015 X N 
' where N = number of holes. 

Center punch N holes 
Center punch 2 holes = 0.0070 
Center punch 4 holes = 0.0092 
Center punch 8 holes = 0.0116 
Plotting this, the curve is drawn at a fair average value taking the data 
ordinate — 0.0060 

abscissa ar 


as a whole. Y intercept = 0.0060. From curve 


0.00075 
(3) Time to center punch N holes = 0.0060 + 0.0075 X N 
where NV = number of holes. 
Drill N holes 
Drill 1 hole in cover = 0.0031 
(4) Drill N holes in cover = 0.0031 X N 
Lay on name plate and rivets: 

From time-study data, Curve 4 is plotted. Neither the length of the 
operation nor the accuracy of the data warrants including such a curve 
in the final formula. Therefore, the approximate broken-line curves are 
used. The formula to be used up to panel area = P = 375 square inches. 

(5) Time to lay on name plate and rivets 
= 0.0032 + 0.000018 X P X - 
= 0.0016N + 0.000009 X P X N 
where N = number of rivets. By actual observation the time required to 
insert 2 rivets differed negligibly from the time required to lay on name 
plate and insert 2 rivets. 
(5) Above panel area = P = 375 square inches. Time allowed = 0.0100N 


Cut off rivets = cut off 2 rivets 5 


ll 


0.0029 a = 0.00145N 


(6) : 


Rivet rivets = rivet 2 rivets < 9 


N 
(7) 0.0056 SG 0.0028N 


Time allowed per name ee = (1) + (2) + (8) + (4) + (5) + ‘OF + (7). 
(1) = 0.0113 
(2) = 0.0013 + 0.0015N 
(3) = 0.0060 + 0.00075N 
(@) = 0.0031N 
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(6) = 0.00145N 

(OO) = 0.0028NV 

) = 0.0016N + 0.000009PN 
or 0.0100N 


*Eq. (2) = 0.0186N; + 0.0112N + 0.000009PN for panels up to 375 
square inches. 
* Hq. (8) = 0.0186Ni + 0.0196N for panels above 375 square inches. 
Where N = Number of holes in name plates. 
N, = Number of name plates. 
P = Panel area in square inches. 
Kq. (4). Time allowed for laying out holes per name plate = (1) + 
(2) + (8) = 0.0186N, + 0.00225N. 
Then in operation 2, ‘“‘assemble panel to box,’ 
are already drilled, apply the following equations: 
Time allowed to put on name plates after holes are drilled = (4) + (5) + 
CG) oC). 
Eq. (5) = 0.00585N + 0.000009PWN for panels up to 375 square inches. 
Eq. (6) = 0.01425N for panels above 375 square inches. 


Prepare Electric Hand Drill: 


0.0121 hour to be allowed per box whenever electric hand drill is used. 
This is allowed because with two men using the same drill there is some 
- delay in getting electric drill and putting in the proper-sized drill. 


Rubber Washers: 


Place rubber washer on stud 

(i) Place 3: subberiwashers on studs. .,.20..<00e2 o. cae. on 0.0120 S-1 

(2) Blace 4.7ubberswashers On -studs....¢..06 aoe. a cb es 0.0103 8-3 

(1) was selected from only one study while (2) was selected from several. 
Thus (2) may be considered the more accurate. 

Using this value, 


’ where name-plate holes 


Time allowed per rubber washer = oa“ = 0.0026. 


Place Panel in Box: 


The data do not show any definite variation of time with panel size, as 
might be expected. Therefore, an average value is selected and the num- 
ber of men required to lift the panel taken into account. 

Eq. (7). Time allowed per panel = 0.0095 K M...........0005- S-3 


where M = number of men. 
Bolt Panel to Mounting Stud: 


Data: 

IR COMORWASD OLS ce creer Ue ieee Ly hict ior ecietel usr ott eon nate Ne PC 0.0101 S-1 
TOME SMCS Wt ia AIT O OVS escapee eile oud-o,eroyehelorsielartie« ait ore fe 0.0104 S-1 
Brehtem omits wath) WINCH, 2.6.42 00+ «10 syenvanons ohare dens 0.0125 S-1 
HZCEOTM SRW ASM CT SMe pero ih <P GENS cl orolsPerel cralein herons tae okeneahe 0.0138 8-3 
Paton MemiUbaw tas tN ens a kes cine dew sis etch sone levee sera 0.0025 S-5 
MNS Genera MU tS ice Ron en cree coe eee ces aos oa a icons Seen eae 0.0112 S-3 


* These equations apply only when name-plate holes have not been previously laid out 
and drilled. When operation 1 is “lay out box for drilling,” apply Eq. (4), 
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0101 0.0138 
(1) Place on 1 washer = : [oo 0.00169 or coast 
0.001 T2658 07 See rents oe ee ee Re ee eee one ene 0.0017 
(2) Put on 1 nut with fingers... ...........-..50552.55. 0.0255 
: 0.0112 : : 
(3) Tighten 1 nut rar, CO. 0038.2 ae a ee eee 0.0038 


Time allowed to bolt panel to mounting stud = 0.0017 + 0.0025 + 
0.0038 = 0.0080 per bolt. 


Cover Lock: 


Data: 

bay out. cover lock«posilonauck steep sneer ee eens ore 0.0107 S-1 
Put in 2 rivets and prepare for riveting................- 0.0057 S-1 
PIS. Ce" OD! CO VECHO CK cyectendeteteecececr nn ae atin, Sot eet Ser reer 0.0113 S-1 
Rivet 2 héav yittvets sone cie ss nice Sra cree ee te eee 0.0125 S-3 
Adjustand remove: boxtc....0 cae Ste hiew ons ce Heo om ene 0.0196 S-2 
Time to remove box (from below)..................255 0.0049 S-7 


Time to adjust cover lock = 0.0196 — 0.0049 = 0.0147 
Time to put on cover lock complete = 


0.0107 + 0.0057 + 0.0113 + 0.0126 + 0.0147 = 0.0550 
Chalk Mark Holes: 


Data: 

Ghalk snark 4 holee for filing: o,..ns sas ns cesaa wae ee ass 0.0120 S-2 
Mark around: 6 pubch polnuseees ie oe ao eee eae 0.0065 S-S 
OhslkiG luge ioe coe cae oe so orl Olas wots RCo ie eee 0.0099 S-9 
Chalktt luge s foes osc. vee ee oe ene eee 0.0204 S-10 
Center punch 8 holes and chalk around................. 0.0181 S-11 
Chalk around 8 holes = 0.0181 —* 0.0116 = 0.0065 
Chalk-4- mounting bracketsmaueseeees Go eee ee eticne 0.0116 S-11 


There seems to be very little agreement here. In general it takes less 
time to circle a punch point than to chalk an area or mark a hole for filing. 
By selection: 

Time allowed to mark around 1 punch point = 0.0008 per point. 

Time allowed for all other chalking = 0.0116 overall. 


Remove Panel from Box: 
By selection from data. 
Kq. (8). Time allowed to remove panel from box = 0.0035M..... S-2 
where M = number of men required. 
File Ream Holes in Panel: 
By selection from data, 
Time allowed to file ream hole in panel = 0.0144 per hole. ........ S-4 
Nore: This is to be allowed only when holes in box are not laid out using 
panel to be assembled as template. 
Template: 
Where template is used for laying out holes in cover, the time allowed 
will be no different from the time otherwise allowed. 
* 0.0116 = time to center punch 8 holes. 
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Bolts (without Nuts) Screwing into Tapped Holes: 


Data: 
Gi) er ub mr bolts ysl ameter acy yom seas. osue rue oee aioe 0.0440 S-12 
(2) ehighten 4 boltsrwathewaren chair ocr cp as.crscus iota arsed 0.0224 S-2 
(S) es but in 1 boltiwathitingers's 2. 2.7... 8 acs soos creo 0.0052 S-6 
(4) Tighten 2 bolts with screwdriver................. 0.0045 S-4 
(©) Righten ad boltrwath wrenchs.. 1.6.2 2b. Re os 0.0056 S-4 
(6) Put in 1 bolt with fingers and tighten............. 0.0068 S-4 
()eigntenalside- boltrwitlepliersoninasassicinee sureltels 0.0056 S-4 
*(8) Tighten 1 bolt with screwdriver.................. 0.0088 S-6 
0.0440 
(1) 7 tae tas 0.0110 per bolt fingers 
(3) 0 .0052 per bolt 
0.02 
(2) ee = 0.0056 per bolt 
(5) 0.0056 per bolt {Wrench 
(7) 0.0056 per bolt 
0.0045 
(4) OME ta 0.0023 per bolt Sone 
(8) 0.0038 per bolt 


Time allowed to put in 1 bolt with wrench = (3) + (2) = 0.0108 per bolt. 
Time allowed to put in 1 bolt with screwdriver = (3) + (8) = 0.0090 per 
bolt. 


Get Box: 


Handling time should vary with size of box but as boxes are located in 
different parts of stock pile, it is impossible to do other than try to make a 
fair selection from data. 


Aime allowed to get: box to bench = 0.0075. ..22.si6e-+20-.65:0-08 S-3 
Get Panel: 


These are more uniformly placed. Plotting handling time versus panel 
area gives Curve 5. The average curve at these points is a straight line. 
Eq. (9). Time allowed to get panel to box = 0.0053 + 0.000031P 


where P = panel area in square inches 
Cut Off Brass Bolts: 


By computation and selection the value 0.0101 per 7 bolts was obtained 


from S-3. Time per bolt = ome = 0.0015 per bolt. S-5 gives 0.0051 per 
3 bolts, or ee = 0.0017 per bolt. 


Time allowed to cut off brass bolts = 0.0015 per bolt. 
Fit Panel into Position: 


The smaller the panel, the easier it is to fit in place. For convenience, 
draw an average straight-line curve through the scattered data points. 


* This value will also be used in case of the Cline Controller where it is necessary to tighten 
the screws holding on the side plates and screens with a screwdriver. 
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Eq. (10). Time allowed to fit 1 panel = 0.000035P — 0.0020, 
where P = panel area in square inches. 


This term should be disregarded for panels below 58 square inches in 
area, as no fitting is necessary in the small sizes. 


Tying on Tags: 


Mie On Mstructiom ENVeElOpes ee enc strikes ete eaietenetietonerets 0.0073 .S-5 
Remo Vel tag Souscrccsineicn eaters roe eich oe TaN ete os enero 0.0053 S-10 
Nee oy0) ECON ane Re rote one ue e oem ices tin Oca O Onn ho Set 0.0204 S-10 
Time allowed for all tying operations................... 0.0073* 


Remove Box: 


Again there is no definite tendency for time to vary with size. Then 
selection gives: 


Time allowed to remove box = 0.0049 per box........... S-7 
Put in One Bolt Complete (Bolt with Nuts and Washers): 

Butpini6 boltstand tighten geacereecr eet en erie 0.0791 S-7 

Time allowed to put in 1 bolt complete = ee = 0.01382 per bolt. 
Scribe Mounting Bolt Hole for Drilling: 

Data: 

(1) eMarkiout*G:holes tstaasncon saree noe ete terre ere 0.0077 S-8 

(2) eMarksoutiopholes (mem) mer ee ener ier tee aetna eee 0.0089 S-9 

(3) me larksouta7@holesy (2) 1en)) aeteneier ae een ee mein ere 0.0099 S-10 

(4)aMark out 4 dholesijccertasts ccc slits ls Ment once onacteen tone 0.0103 S-11 

(S)PMarktouts | holes acemes semi cen eee 0.0047 S-11 

(1) 2008 = 0.0013 

(2) 9-089 <2 — 0.0030 

(3) soon a 0.0028 

01 
(4 oo: = 0.0026 
.004 . 

(5) oe i 0.0047 

Time allowed to lay out hole = 0.0028 per hole............ S-10 
Center Punch Mounting Bolt Holes for Drilling: 

Data: 

Center punch 6 holes (0.0015 per hole)................. 0.0090 S-8 

Genterspunch?1sholemear.s-. et heer eee ae 0.0039 S-10 

Genter punch holes eee. eat. ee ee ee 0.0061 S-11 


These values vary widely. Use selection: 
Time allowed to center punch 1 hole = 0.0039 per hole. 


* Tags come only on Type F or the AC apparatus since this is tested before assembling 
to box. The type C being tested after assembling has no tag. Since boxes are used for 


0.0073 
both Type F and C, allow Q or 0,0036 on every box for tying. 
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Remove Panel: 


Removes panelito Gsrockypilews.c satin oo eres a toes 0.0078 S-10 
removespancltowstockapilere, 5 seis sacral aaa ycrakcces eecses 0.0056 S-9 
emove:paneltoistockspilesan oh). Sire soos d actin. soe 0.0086 S-10 
ime allowed to removerpanelens a) eects a cacret 2 .. 0.0078 


Put in One Stud Complete: 


Allow same as put in 1 bolt complete................... 0.0132 per 
; stud 


As a result of the combinations made in the element analysis, 
it is possible to boil the values on two original sheets of master 
tables down into the few values contained on the condensed 
master table shown in Fig. 58. A good explanation of all con- 
stants and variables was given under Element Analysis, together | 
with the reasoning followed in determining their magnitude | 
so that it need not be dwelt on further here. | 

The next step is to derive the final formula expression and to 
write the formula report. As has been stated, the operations 
involved in mounting panels in ‘enclosing cabinets divide natu- 
rally into three distinct classes. The formula expression for 
this work may be handled in several different ways, but for this 
particular case, it seemed best to make three subformulas and to 
refer to them in one master formula which explains all the general 
details of the work. Thus when establishing time values on one 
class of work, one will not be confused by values applying to the 
other classes. 

The master formula report gives all of the general aspects of the 
work and the method of compiling the formula. The sub- 
formulas give in detail the formula expression, synthesis, and such 
details as pertain especially to the class of work.which they cover. 
The formula report is self-explanatory and needs no elaboration. 
A study of the synthesis given under the subformulas will show 
just what values were combined to make the constants shown in 
the formula expression. 

Formula F-13 No. 7. 
May 1, 1926. 
Part: 
Panel enclosing cabinets or boxes. 
Operation: 
Lay out box for drilling and assemble panel to box. 
Work Station: 
Bench. 
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Allowed Time: 
See Sub A, Sub B, and Sub C of this formula. 


Application : 

This formula applies to laying out brackets in enclosing cabinets for 
drilling and to assembling panels in enclosing cabinets as done in section F-13 
under conditions and with equipment as of May 1, 1926, except Cline 
Controllers. 


Analysis: 

The tools and accessories needed are screwdriver, pliers, socket wrenches, 
hammer, center punch, scribe, stiff wire 12 inches long, taps and holder, 
electric hand drill, drills, wire cutters (large and small), heavy iron riveting 
block, small metal block for riveting, round file, flat file. 

The materials needed are nuts, bolts, flat washers, lock washers, rubber 
washers, studs, plugs for resistance frames, light and heavy rivets, name 
plates, trade marks. 

The group leader gets all materials to the men, 5 per cent being allowed to 
cover his time. 

All boxes and panels are kept in a stock pile close to work bench. 

Panels are mounted in two different ways, on mounting studs and on 
mounting brackets. For convenience, the following subdivisions of the 
work may be made: 


A. Assemble panel to box (when mounting studs are used). 
B. Lay out all holes for drilling (when mounting brackets are used). 
C. Assemble panel to box (when mounting brackets are used). 


A subformula will be derived for each case. 

Boxes and panels are brought to the stock pile by the move men. Group 
leader handles information and gets name plates stamped. Men working 
on layout and assembly have no other duties outside the actual work per- 
formed on boxes. Finished boxes are removed by move men. 

Whenever electric hand drill is used, 0.0121 hour is allowed per box. 
This is allowed because with two men using the same drill, there is neces- 
sarily some delay in getting electric drill and putting in the proper size of 
drill. 

Where template is used for laying out holes in cover, the time allowed will 
be the same as though a template were not used. 

Tags come only on Type F or the AC apparatus since this is tested before 
assembly to box. The Type C' being tested after assembly has no tag. 


0.0073 
Since the same size of box is used for both Type F and C, 3 or 0.0036 or 


one-half the time per tag will be allowed on every box for tying on tag. 

In the larger sizes of boxes taking mounting studs, it is easiest to put the 
mounting studs in with the box on the bench and to put the panel in with 
the box on the floor. 0.0100 hour is to be allowed for setting box on floor. 

Time for file reaming holes is to be allowed only when holes in box are not 
laid out, using panel to be assembled as template. 
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Boxes with Screen Sides. Cline Controllers: 


At present, only one style of box is built up in F-13, only two different 
styles of resistance frames are made, and only two differant styles of screen- 
sided boxes used. These are all used for the two types of Cline Controllers. 

The time values for these jobs may be set by time study rather than by 
formula. Certain operations, occurring only in this work, would have to be 
represented by a number of symbols in the formula. This would give a 
long unwieldy looking expression, about half of which might never be used 
if no new work of this type were introduced into the shop. 

Therefore, studies on this work will not be used in compiling the formulas 
but will be kept for reference in case sometime in the future other work of a 
similar nature comes along. 


Special Side Hoels on Navy Jobs: 


Navy jobs require that a hole be cut in either side of box for leads. These 
holes are covered with plates to protect the interior of the box from dust, ete. 
when hole is not used. The time required to lay out, finish, and fit up such a 
hole is covered by operations S and U in Table of Details. 

The only standard box in which these holes are cut at the present time is 
the box covered by Drawing 371902. In this case the mounting brackets 
have to be sawed to fit. Operation 7 takes care of this. 

It will not be necessary to carry these values in the formula, but they will 
be left in the Table of Details to be available for reference. 


General Practice for Putting Name Plates on Boxes: 


No hard and fast rules may be laid down for putting name plates on boxes, 
but the following is the general practice. In any doubtful case, the actual 
practice should be checked from the floor. 

There are three types of name plates: 


1. Circular trade mark (2 or 4 holes): 

2. Instructions for ordering renewal parts (4 holes). 

3. Name plate giving capacities, S No., S. O. No., Serial No., ete. 
(2 or 4 holes). 


Cline Controllers take no name plate of any sort on box. 

All other boxes with covers take the trade-marks, The size of trade marks 
used is proportional to the cover area. The group leader has a table of the 
proper size to use. The larger trade marks from 4 inches in diameter up 
have 4 holes. * 

Small boxes containing single-unit panels take the trade mark only. 

All boxes other than Cline and the above small boxes take the instruction 
plate. 

Boxes without covers take the instruction plate only, mounted on one side 
of the box. 

The general name plate (3) is mounted on the panel whenever possible. 
When there is no room on the panel, the name plate is mounted on the box. 

These general rules apply to all standard boxes. 


* These four-hole trade marks are used on covers larger than 600 square inches. 
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Study Number Date Time Study Taken by 
S-1 —1 4-4-24 H. B. M. 
S-2 —2 4-4-24 ce 
S-3 —4 44-24 se 
S-4 —1 4-5-24 se 
S-5 —2 4-5-24 se 
S-6 —3 4-5-24 “ 
S-7 —3 4-824 Gs 
S-8 —2 4-7-24 ae 
S-9 —1 4-9-24 ob 
S-10—1 4-8-24 3b 
S-11—3 4-4-24 “6 
S-12—5 44-24 cs 
S-13—2 4-9-24 KH 
S-14— 4-11-24 «“ 
TaBLE oF Dera, OPERATIONS 
, Decimal 
Operation Description Hours’ Reference 
- Put in one mounting stud complete........... Eq. 1 
Put on one name plate complete.............. Eq. 2 or 3 
iPreparerelectric and drilly, nt oe ee ec 0.0121 S-1 
Place one rubber washer on stud............. 0.0026 8-3 
Place panel in box. . sa LOGO 
Bolt panel to oume ue aoe x per ee . 0.0080 Computed 
IPE LOM ONE ACO VETIOCK 9 apt n hie tee «leo ik sue 0.0550 Computed 
VETO VERIO Katee Baa h crt a cnaNe Ss osc, cess, Maaco 0.0049 S-7 
Chalk areas or mark holes for filing........... 0.0116 S-11 
Putinone bolt with wrench. ..5-....07<.«c.< 0.0108 S-2-4 
Remove panel from-box... 2.5 0202.24 0.85 bo iq. 8 
EO THOO Xeseet eRe RI Ra nae ort eas, ee 0.0075 S-3 
Get panel from or remove panel to stock pile... Eq. 9 
Cut off brass bolt on back of panel........... 0.0015 S-3 
Lay out all name plate holes for drilling....... Eq. 4 
Hit pPAnelIMCOMPOSItION <5. nem ae ae eee ao Eq. 10 
SElsOO ROM OOMM ths sic ets ale ee wasnes wht ese rans 0.0100 S-6 
MET UM eGtARS Me UCs = isle em ays cisin ret nacdeet 0.0036 Computed 
Cut one hole inside of box, finish file and fit cover 
plates complete. . : . 0.2907 S-7 
Lay out and saw one Eacening Sapport complete 0.1249 S-7 
Lay out side hole, center punch around, lay out 
ee | Fal eevererinsiiny oC aco em CIAO tO GO Stok ache 0.1360 S-8 
Tay out one hole for drilling.................. 0.0028 S-10 
@enterpunchvone holes... ......5. css s aes 0.0039 S-10 
Chalk mark around one punch point.......... 0.0008- S-11 
Lay out and mark one hole in side of box...... 0.0298 S-11 
Put in switch handle complete............... 0.0827 S-6 
Put on one name plate after holes are drilled... Eq. 5 and 6 
File ream one hole in panel...............4.5 0.0144 S-4 
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Synthesis: 


Equations to be Used in Connection with Formula. 


Time for putting in one mounting stud complete in hours = 
0.0119 + 0.000028P Eq. 1 


Time for putting on name plates complete on panels up to 375 square 
inches in area = 


0.0186N, + 0.0112N + 0.000009 X P X N Eq. 2 
Time for putting on name plates complete on panels above 375 square inches 
in area = 
0.0186; + 0.0196N Eq. 3 
Time for laying out holes for name plates only, in hours = 
0.0186N; + 0.00225N Eq. 4 


Time to put on name plates after holes are drilled, panels up to 375 square 
inches in area = 
0.00585N + 0.000009 P x N Eq. 5 


Time to put on name plates after holes are drilled, panels above 375 square 
inches in area = ; 
0.01425N Eq. 6 


Time to place panel in box, in hours = 
0.0095 x M Eq. 7 
Time to remove panel from box, in hours = 
0.0035 & M Eq. 8 
Time to get panel, in hours = 
0.0053 + 0.000031P Eq. 9 
Time to fit panel into position, in hours 
0.00035P — 0.0020 Eq. 10 


where M = number of men performing the operation. 
N = number of holes in name plate. 
N, = number of name plates. 
P = panel area in square inches. 


ll 


Also see subformulas. 


Inspection: 


After assembly cabinets are inspected to see that panels are firmly and 
properly placed, that box is complete in all its parts, that cover fits, and that 
proper name plates are in place. 


Payment: 
Standard-time group plan. 


Approved: 


Time-study Supervisor Time-study Department 
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Formula F-13 No. 7-A. 


May 1, 1926. 
Part: 
Enclosing cabinets or boxes in which mounting studs are used. 
Operation: 


Assemble panel to cabinet, put on all name plates complete. 


Work Station: 

Bench. 
Allowed Time: 

0.0314 + 0.0550C + 0.0095M + 0.0112N + 0.0186N, + 0.000066P + 
0.000009PN + 0.000028PY + 0.0015R + 0.0225Y for panels up to 375 
square inches. 

0.0414 + 0.0550C + 0.0095M + 0.0196N + 0.0186N, + 0.000066P + 
0.000028PY + 0.0015R + 0.0225Y for panels above 375 square inches in 
area, 


where C = number of cover locks put on. 

M = number of men required to handle panel. 

N = number of holes in all name plates put on. 
Ni = number of name plates. 

P = Area of panel in square inches. 

R = number of brass connection bolts on back of panel which must 

be cut off. 
Y = number of mounting studs. 


Application: 
This subformula applies to all work of assembling panel to cabinet, done 
in F-13 at the present time, where panel is mounted on mounting studs. 


Procedure: 

Get box, place mounting studs in box, put rubber washers on studs (if 
large box, set on floor), get panel, place panel in box, fit in place, bolt panel 
to mounting studs, prepare electric hand drill, put on name plates as speci- 
_ fied, put on cover lock if specified, and if necessary, cut off brass connection 
bolts on back of panel before assembling. 


Synthesis: 

C+H+L+R + [constant from Eq. (9)] — [constant from Eq.(10)] = 
0.0121 + 0.0049 + 0.0075 + 0.0036 + 0.0053 — 0.0020 = 0.0314 = con- 
stant for panels up to 375 square inches in area. 

Above constant + Q = 0.0314 + 0.0100 = 0.0414 = constant for panels 
above 375 square inches in area. 

Above constants + Eq. (1) + Eq. (2) or (3) + Eq. (7) + Eq. (9) + 
Eq. (10) + G@ +N = formula expressions given under Allowed Time. 

A =KEq. (1) —put in one mounting stud complete = 0.0119 + 
0.000028P. ‘Time-study values of time to put in one mounting stud, 
plotted against panel area, gives a straight line. The above equation is the 
algebraic expression for this line. 

B = ¥q. (2) or (3) — place on name plates complete = 0.0186N,; + 
0.0112N + 0.000009PN for panels up to 375 square inches in area and 
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0.0186N; + 0.0196N for panels above 375 square inches in area. Curves 
were plotted from time-study data of time to scribe holes versus number of 
holes, time to center punch holes versus number of holes, time to lay on name 
plate and two rivets versus panel area. The algebraic expression for each 
curve was found. The time to drill holes, cut off rivets, and rivet rivets was 
derived from the data expressed in terms of N. The summation of 
those algebiaic quantities plus a constant for layout position of name 
plate (per name plate) gives the above equations. 

E = ¥q. (7) — place panel in box = 0.0095M. The time to place panel 
in box was found to be fairly constant. Twice this constant time is allowed 
when it requires two men to handle the panel. 

M = Eq. (9) — get panel = 0.0053 + 0.000031P. This expression 
was found by plotting time to get panel versus panel area. The larger 
panels are heavier and hence harder to carry to the bench than the smaller. 

P = Eq. (10) — fit panel in place = 0.000035P — 0.0020. This expres- 
sion was found by plotting time to fit panel in place versus panel area. When 
the panel area falls under 58 square inches, the panel is considered to be so 
light that fitting time is negligible and hence below P = 58, Eq. (10) is 
omitted from the formula. 

Inspection: 

After assembly cabinets are inspected to see that panels are firmly and 
properly placed, that box is complete in all its parts, that cover fits, and that 
proper name plates are in place. 


Payment: 
Standard-time group plan. 
Approved: 
Time-study Supervisor Time-study Department 
Formula F-13 No. 7-B. 
May 1, 1926 
Part: 


Enclosing cabinets or boxes in which mounting brackets or mounting lugs 
are used. 
Operation: 
Lay out all holes for drilling. 
Work Station: 
Bench. 
Allowed Time: 
_ 9.0346 + 0.0130M + 0.00233N + 0.0186N; + 0.000062P + 0.0298S + 
0.0067X, 
where M = number of men required to handle panel. 
N = number of holes in all name plates. 
N, = number of name plates. 
P = panel area in square inches. 
S = number of holes laid out for switch handles. 
X = number of mounting brackets or lugs. 
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Application : 


This formula applies to all layout work on boxes using mounting supports 
or lugs as done in F-18 at this time. 


Procedure: 


Get box, chalk brackets or lugs, get panel, place panel in box, scribe holes, 
remove panel from box, center punch holes, lay out all name-plate holes, 
chalk circle around each name-plate hole, punch mark, remove panel, 
remove box, and lay out and mark one hole for switch handle in side of box. 


Synthesis: 


H+1+L42 X constant from Eq. (9) = 0.0049 + 0.0116 + 0.0075 + 
0.0106 = 0.0346 = constant per box. 

0.0346 + Eq. (4) + Eq. (7) + Eq. (8) + Eq. (9) + Y + X (number of 
name-plate holes) = formula expression given under Allowed Time. 

O = Hq. (4) — lay out all name-plate holes for drilling = 0.0186N; + 
0.00225N. This equation is simply that part of Eq. (2) or (8) which takes 
care of layout position of name plate, scribe holes and center punch holes. 
See Synthesis Formula F-13 No. 7-A. 

K = Hq. (8) — remove panel from box = 0.0035M. The time to remove 
a panel from a cabinet was found to be fairly constant. When two men are 
required to handle the panel, twice as much time is allowed. 

For explanation of H and M, or Eqs. (7) and (9), see Synthesis Formula 
F-13 No. 7-A. 


Inspection: 
No inspection after this operation. 
Payment: 
Standard-time group plan. 
Approved: 
Time-study Supervisor Time-study Department 
Formula F-13 No. 7-C. 
May 1, 1926. 
Part: 


Enclosing cabinets or boxes in which mounting brackets or mounting lugs 
are used. 
Operation: 

Assemble panel to cabinet, rivet on name plate. 
Work Station: 

Bench. 


Allowed Time: 


0.0193 + 0.0550C + 0.0827H + 0.0095M + 0.00585N + 0.000066P 
+ 0.000009PN + 0.0015R + 0.0229X + K (0.0116 + 0.0144F + 0.0130M) 
for panels up to 375 square inches in area. 
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0.0193 + 0.0550C + 0.0827H + 0.0095M + 0.01425N + 0.000066 P 
+ 0.0015R + 0.0229X + K(0.0116 + 0.0144F + 0.0130M) for panels 
above 375 square inches in area, 


where C = number of cover locks put on. 

F = number of holes file reamed. 

H = number of switch handles mounted complete. 

K = use as special value when conditions make it necessary to lay out 
holes other than from the panel to be mounted. 

M = number of men required to handle panel. 

N = number of holes in all name plates. 

P = area of panel in square inches. 

R = number of brass connection bolts on back of panel which must 
be cut off. 

X = number of mounting brackets or lugs. 


Application: 

This formula applies to all work of assembling panel to cabinet as done in 
F-13 at this time, where the panel is mounted on mounting brackets or lugs, 
except Cline Controllers. 


Procedure: 

Get box, get panel, place panel in box, fit in place (chalk holes for filing, 
remove panel, file ream holes, and replace panel if necessary), place rubber 
washers under holes, put in holding-down bolts, put on name plates (put on 
cover lock, put on switch lever, if necessary), tie on tag, and remove box. 
Synthesis: 

H+L+R8 + (constant from Eq. (9)) — (constant from Eq. (10)) = 
0.0049 + 0.0075 + 0.0036 + 0.0053 — 0.0020 = 0.0193 = constant for 
each panel mounted on mounting brackets. 

Above constant + G+J-+ B, + Eq. (5), or Eq. (6) + 2 Eq. (7) + Eq. 
(8) + Eq. (9) + Eq. (10) = formula expression given under Allowed Time. 

For #H, K, M, and P or Eqs. (7), (8), (9), and (10), see Synthesis, Formula 
F-13 No. 7-A. 

A; = put in name plate after holes are drilled = Eqs. (5) or (6) = 
0.00585N + 0.000009PN or 0.01425N for panels up to or above 375 square 
inches in area, respectively. These equations are simply those parts of 
Eqs. (2) and (3) which take care of lay on name plate and rivets, cut off two 
rivets, and rivet two rivets. See Synthesis, Formula F-13 No. 7-A. 


Inspection: - 
After assembly, cabinets are inspected to see that panels are firmly and 


properly placed, that the box is complete in all its parts, that cover fits, and 
that proper name plates are in place. 


Payment: 
Standard-time group plan. 


Approved: 


Time-study Supervisor Time-study Department 
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Panel Area vs. Time to Insert 
Mounting Studs. 


Reference: 
S-1, S-2, S-5 and Element 
Analysis. 


Sy 
2 
ai 


oO 
co) 
> 


2 
Se 
a 


Time to Insert One Mounting Stud 


L 
Ss 
BE 


50 100 150 200 250 
Panel Area, sq.in. 


Curve 1. 


Number of Holes vs. Scribing Time. 


Reference: 
8-5 and S-11. 
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Number of Holes vs. Time 
to Center Punch. 


Reference: 
8-5 and 8-12. 


Decimal] Hours 


Number of Holes 
CuRVE 3. 


Panel Area vs. Time to 
Place Name Plate and 
Rivets. 


References: 


“ip S-1, S-3, S-5, S-6, S-7 
' iS and 8-12. 
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Panel Area,sq.in. 
Curve 5. 


Panel Area vs. Time to Get Panel. 


References: 
8-3, 8-5, S-6, S-7 and S-12. 


Decimal Hours 


Panel Area vs. Fitting Time. 


References: 
8-4, S-5, S-6, S-7, S-9 and 
8-12 
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CHAPTER XXVIII 
FORMULA FOR MILLING MACHINE 


Almost everyone who has had any experience with incentive 
plans has recognized the fact that it is easier to set time allow- 
ances for machine work than it is for the so-called hand work. 
The reason for this is that the machine is much more definite and 
constant than man. Machine-tool builders and cutting-tool 
manufacturers conduct tests to determine the possibilities of 
their product and supply this information to their customers. 
There are any number of mechanical handbooks that contain 
data about the performance of machine and cutting tools. 
This information and the experience gained on a particular 
application makes possible the establishing of fairly accurate 
machining time.. However, while much of the judgment has been 
eliminated in machine practice, there are still possibilities for 
considerable errors. Nearly all of the machining data given in 
handbooks and supplied by tool builders have been obtained under 
test conditions and cannot be used in a general way, but it does 
serve as an excellent guide. Obviously parts that are frail and 
that extend out relatively far from the point of support cannot 
stand the speed and feed that a solid block can. It is necessary, 
therefore, to determine good practice for particular conditions. 

The formula example given in this chapter is for milling machine 
work, and it has been compiled for a particular department. 
There are thousands of different jobs varying in characteristics 
machined in this department, but as the formula shows, the 
performing of each job consists of a combination of details which 
are largely common to all jobs varying only in number of occur- 
rences. The value of a formula such as this can be appreciated 
when it is considered that the group of machines to which it 
applies works on an average of 50 jobs daily. 

This formula was originally compiled in standard data form. 
A separate formula number was assigned to the set-up data, the 
additional piece data, and the feed chart. Later a revision was 
made, and the data were put into approved formula form, The 
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manner of expressing the nature of a revision is thus illustrated 


by this example. 
Formula F-1 No. 10. 
Revision 1. 
March 1, 1926. 
Part: 


Brass, cast iron, steel, copper, micarta, and fiber parts. 
Operation: 
Mill. 


Work Station: 
All milling machines in F-1 except 9966, 2038, and 924. 


Allowed Time: 
Set-up Time.—0.2415 + 0.0260A; + 0.0173A2 + 0.0670H + 0.0985F + 
0.1160G + 0.01250 + 0.1150S + 0.00508’ + 0.0234U + 0.0719V + 0.2665X. 
Additional-piece Time: Fixture.—(0.0053 + 0.00564 + 0.0048H + 
0.00467 + 0.0037L + 0.0042L’ + 0.0028P + 0.00077 + 0.0005/’ + XT) + 
P for small parts. 
0.0056A + 0.0048H + 0.0046J + 0.0037Z + 0.0042L’ + 0.00077 + 
0.0005’ + XT + (0.0087 for medium parts or 0.0098 for large parts). 
Vise.—(0.0076 + 0.0032P + 0.00077 + 0.0005I’ + XT) +P for small 
parts. 
(0.0076 + 0.0036P + 0.00077 + 0.0005I’ + XT) + P for medium parts. 
Clamp.—0.0056A + 0.0048H + 0.00072 + 0.0005Z’ + XT + (0.0071 
small or 0.0077 medium or 0.0088 large), 
where A = number of clamps put on and taken off complete. 
A, = use for first clamp put on and taken off complete. 
A» = number of clamps put on and taken off complete minus (1). 
E = number of end mills used. 
F = number of fixtures used. 
G = number of arbors used. 
H = number of nuts put on and taken off clamps already 1 in place. 
= number of inches table is moved forward. 
= number of inches table is returned. 
= number of locating pins. 
= number of screws tightened by hand. 
= number of screws tightened with wrench. 
= number of operations performed. 
= number of parts milled at one time. 
number of cutters with collars minus one. 
= number of cutters without collars minus one. 
= number of support. heads used. 
= number of vises used. 
= index heads used. 
milling time: for simple surfaces, see chart, Fig. 21; for com- 
plex, take actual time on floor. 


Small part, outside volume up to 30 cubic inches—weight up to 3 pounds. 


Ses Reaworg SK 
i 
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Medium part, outside volume up to 250 cubic inches—weight up to 20 
pounds. 

Large part, outside volume above 250 cubic inches—weight above 20 
pounds. 

To compute first-piece time, when additional-piece time is less than 20 
minutes, add twice additional-piece time to set-up time. When additional- 
piece time is more than 20 minutes, add 20 minutes plus time for one addi- 
tional piece to set-up time. 


Application : \ 


This formula applies to all milling done on machines specified in F-1 on 
brass, cast iron, steel, copper, micarta, and fiber parts as done at this time 
with present equipment. 


Reason for Revision: 


This formula combines old F-1 Formulas 10, 11, and 15. Standard data 
are put into algebraic form, and an effort has been made to make the formula 
clearer and easier to apply. Actual time values are unaffected. 


Analysis: 


The tools and accessories needed are 6- and 12-inch scale, square, pro- 
tractor, micrometer, surface gage, hermaphrodite calipers, screwdriver, 
hammer, wrenches, file, clamps, vise, fixtures, cutters, arbors, brush, liners, 
oil can, parallels. 

Material is delivered to machines by storeroom attendant. Group 
leader sees that work is given out to men on machines. Finished material is 
checked for quantity by man under the control of the accounting department 
and is then removed by moveman. 

Work is held on the milling table by clamps, vise, or fixtures. .When a 
job is sufficiently active and when a fixture- would appreciably cut down 
machining time, a fixture is made. Fixtures are also used on less active 
jobs, where great accuracy is required. All other jobs are held in a vise or 
are clamped to the milling table, depending on the nature of the job. 

Milling time on all jobs which may be held firmly and which are free from 
vibration during cutting is taken care of by chart of cutting time. On all 
other jobs, actual time is found by observation and an allowance of 10 per 
cent added. 

The group leader plans the work so that on the completion of one job, 
the operator has all the tools needed for the next job. The group leader 
also assists the operator to make the set-up and has the first piece inspected 
and passed before the remainder of the job is done. 

To care for time spent in oiling and cleaning machines, 4 per cent must be 
added to first-piece and additional-piece values when work is done under the 
group plan. When work is done by an individual, oiling and cleaning time 
is taken care of by a separate time slip. 

Jobs on which it is necessary to use an index head occur only once or twice 
a year. Therefore to avoid complication, the element allowed times for this 
class of work are given only in the Table of Detail Operations and must 
be applied from there directly. 
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Procedure: 


Get part, place in vise, tighten vise and hammer part, run up table, start 
machine, engage feed, release feed, back off table, stop machine, release vise, 
and remove or lay aside part. The procedure for parts held in clamps or 
fixtures is similar to the above. 


Time STUDIES 


Number Date Taken by 
S-1 3-12-23 J36 Vela 
S-2 3-13-23 
S-3 3-16-23 58 
S-4 3-16-24 st 
S-5 3-23-23 se 
S-6 3-23-23 cs 
S-7 3-26-24 ss 
S-8 3-26-23 < 
8-9 Refer to data taken from Sec. J. 


TABLE OF DETAIL OPERATIONS 


Sym- Time 
bol Description of Operation Allowed Reference 
A Getijobrand: drawit®® mec rss sone sce 0.0500 S-9 
B Gre Uae sll es ceshe hirer emettia ars leroe ie aie's «Siar 0.0400 i 
Cc Marka tin elOrnslipmemerre mts ete teas bes skates 0.0178 oe 
D Go to tool room and get tools............... 0.1250 ef 
E Check operation with drawing (per operation) 0.0125 ef 
F Clean vise, fixture, index head, tail stock..... 0.0103 s 
G Put vise on table, fixture, tail stock......... 0.0084 ce 
H Tighten vise (2 bolts), fixture, index head.... 0.0156 @: 
I Loosen vise (2 bolts), fixture, index head, tail 

HOYER 26 6. IOI. AICI ROTO TS Ee CE 0.0078 ee 
Af Remove vise from table.................+.. 0:0118 
K Get 2 bolts and set in place in table slot..... 0.0180 a 
L PSI CRU PR bles toe cateh ia ss chats cosh agedee Sale. 0 0.0348 es 
M Remove fixture from table..:...5.......... 0.0036 ss 
N Puy indexthead on table... 05... 2.0.2 eee 0.0263 sf 
O Remove index head from table............. 0.0072 ss 
P. GC leaneCAlstO Ck eter nic eo) cor cee) ici ave pisos v's wares 0.0103 es 
Q Tighten tail stock and adjust complete (2 

Bol Gea Rec arTe ace one te a are hs Toh ai ess joitelee Sh, he 0.1330 sé 
R Remove tail stock from table............... 0.0034 ee 
S IRADEY COM FEAU Oy OTOH RL OVEN lh eae rh G, O  IROON toe 0.0060 sé 
L Aichtenesup port MCA. tia... :reesteisscs ier 0.0086 ce 
U WoosemmsUppOre, Weadiy. c26 face «6 cee eles ve orate 0.0024 Us 
V Swing support head into position........... 0.0042 ee 
W Tighten support head shaft................ 0.0084 $s 
xX Loosen support head shaft.................. 0.0024 ee 
MA Swing support head back................-.. 0.0060 e 
Z Remove support heddi ics. acces cst es os 0.0037 ss 
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Taste or Derain Oprrations.—(Continued) 


Time 
Description of Operation : Allowed Reference 
Put arbor in machine and tighten........... 0.0300 ee 
Remove arbor nut and collars.............. 0.0030 s 
Put collars and nut back on arbor........... 0.0147 e 
REMOVE AYDOLstA nes Lae eke i Mecieteee ante aie 0.0268 ef 
Put onand tiehten arbor nut.....4..-0.5 6. 0.0178 e 
(hoosen arbor nutes. eememeinieres (she oe 0.0144 ce 
Remove arbor multacne semi ieee eee 0.0030 es 
Lock spindles eset ber che cece 0.0031 Us 
Unlockéspindlese ima Pee hee eee 0.0032 ee 
Put end mill arbor in machine and tighten.... 0.0300 Cy 
Putvend anil onrarpors aspects ee 0.0020 os 
Remove end mill from arbor............... 0.0300 es 
Removevend milllarbooreeemeeet cere eae 0.0050 ss 
Put on first or single cutter and collars...... 0.0087 ie 
Put on each additional cutter (per cutter).... 0.1150 a 
For cutters having no collars between them.. 0.0050 ee 


Part-handling Values 
Geétismall partic canis «bo aan eee 
Get mediumipart ie. os cneictta a sisi oie aces 
Getlargespart 26h fitectg tes cones are one eh nee eee 
Putisniallipartinsvisess.m ery cr eee eee 
Leaiuyieavers ibbant (wen WARY, soooe dun baneeooo0s 
Tighten and hammer part 


0.0006 S-3 
0.0007 _— 8-1-2 
0.0010 S-9 
0.0009 S-2 
0.0009 S-2 
freemen cherie oe 0.0024. S-5 
IREIGESELVASGs- ae oa ct. ore Sn elc arene 0.0009 S-6 
Remove and lay aside small part............ 0.0017 S-7 
Remove and lay aside medium part......... 0.0020 S-1 
Remove cuttings from vise................. 0.0020 S-1 
Put small part in fixture......... ae ss laneenee 0.0013 S-1 
Putamediumipart in tixtures.- sn seer eee 0.0018 S-1 
iPuilangesparh last x CUTG ashes eee ne 0.0021 S-1 
Put locating pin in fixture (per pin)......... 0.0018 S-2 
Remove locating pin (per pin).. 0.0028 S-2 
Tighten locating screw (per sere} be hand... 0.0028 S-2 
Release locating screw (per screw) by hand... 0.0009 S-1 
Tighten locating screw (per screw) with 


WIENCH 0c. ccteccineis ooh NRE eet oe Camas 0.0024 S-9 
Release locating screw (per screw) with 

ADK NERO MPD RRC Met ch clin io Ortaca gal 0.0018 S-9 
Remove small part and lay aside............ 0.0009 S-1-5 
Remove medium part and lay aside......... 0.0009 S-1 
Remove large part and lay aside............ 0.0014 S-1 
Remove cuttings from fixture............... 0.0030 S-1 
Put on clanip' (per‘elamp),, 7... .. A0.iovecmene 0.0011 S-7 
Tighten clamp (per clamp)................. 0.0024. S-7 
Remove clamp) (per clamp)": ssc. ee eine 0.0021 S-7 


LEWUH CORAL sein (HOTMIMUK) ) Se owawogouobdwacuctan 0.0014 S-1 
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TaBLe or Detain Orrrations.—(Continued) 


Sym- Time 
bol Description of Operation Allowed Reference 
i ee lipbtenanitt (Dermat) cx Makers oye oe 0.0005 S-8 
SA Release mut (PEt) acme cs shards lec 0.0005 S-1 
= Dee REMO Zeon ba (Dersn Ut) niet aay ante) 9 sucess, 0.0014 S-4 
WEP CCU WREn Chit <p waists RRR hh et Man 2 0.0006 S-1 
Vee EDA SSIGO WECHOW GH Gobi c tees Aisa owig 9 0.0004 S-1 
W-2 Put small part in fixture (hammer).......... 0.0031 S-7 
X-2 Put dog on small, medium or large piece..... 0.0014 F-1 No.8 
Y-2 Place part between centers and adjust....... 0.0042 F-1 No.8 
Z-2 Remove part from between centers.......... 0.0022 F-1 No.8 
ZAR ARS TUE RAS CG OY AE Aes Ha eee I CA eee 0.0014 F-1No.8 
Beem ia VeACICeNDALt prereset scrs torah oe Goce 0.0008 F-1 No. 8 
C-3 Place part in chuck on tail stock............ 0.0014 F-1 No.8 
D-3 Center (tighten chuck and adjust center).... 0.0030 F-1 No. 8 
E-3 Remove part from chuck and center and lay 

CRETE 25 fed peat lie Mer ROR AEE ae ea eran re 0.0022 F-1 No.8 
iS eee LL COM cut brill CLALG Keone pales haere sears! fate te 0.0007 
ean nant ee OWS aes 
ie SMR CLeASeCDUCK?.. 4.0, cubistwa., sme eebaacis oainioe we 0.0019 
I-3 REMOVE and ay aside... ee gaa ne 0.0007 
J-3 Put part in vise and line with scale.......... 0.0015 8-3 
K-3 Put copper clip on end of casting........... 0.0014 S-6 
ie ere NI CTONL CTO TO ot wii. .a-e sini Selita ovis ais wag aperany hips 0.0026 S-9 
Ve SUMO IIE TS AOC cP hy ol. ic awetn tote h tats rate os, ager page: e gayi) 0.0013 S-9 
Ise. COB OE1TS cho 8 ae ee CIC aCe Ee 0.0013 S-9 
(O83 “OSS G Sis vs 1 aN oh Olen te I a Ee eae 0.0016 S-9 
Poo Stes LAT UMUALC DOINGS Wo ehegacis scr sire a oer hz, ase ee 0.0003 S-7-8 
Q-3 Stop machine.. ae 0.0014 &#S-2: 
R-3 Move table evard’ or ae or ieapton 

DCT EO UMMM tea. iis, Aone wats ak Stes one eh 0.0007 S-6-7-8 
S-3 Return table per inch or fraction thereof..... 0.0005  S-3-7-8 

Bele Swan RE OME (Recut tale xara Sivlhorcotets Wess toe ee hoes 0.0003 S-5-6-7-8 

Synthesis: 


Set-up Time-—A + B+C+D+WN-1 = 0.0500 + 0.0400 + 0.0178 
+ 0.1250 + 0.0087 = 0.2415 = constant per set-up. 

0.0260 = constant per first clamp. See Profile Data, Formula F-1 
No. 17. 

J-1 + K-1+2Z-1 + M-1 = 0.0300 + 0.0020 + 0.0300 + 0.0050 = 
0.0670 = constant per end mill. 

F+G+L+H+/1+M+4+K =0.0108 + 0.0084 + 0.0348 + 0.0156 + 
0.0078 + 0.0036 + 0.0180 = 0.0985 = constant per fixture. 

A-1 + B-1 + C-1 + D-1 + H-1 + F-1 4+ G-1 + H-1 + J-1 = 0.0300 + 
0.0030 + 0.0147 + 0.0268 + 0.0178 + 0.0144 + 0.0030 + 0.0031 + 
0.0032 = 0.1160 = constant per arbor. 

U+tV+W+xX+Y = 0.0024 + 0.0042 + 0.0084 + 0.0024 + 0.0060 

= 0.0234 = constant per support head. 
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F+G@G+H+I+J7+4+K = 0.0103 + 0.0084 + 0.0156 + 0.0078 + 
0.0118 + 0.0180 = 0.0719 = constant per vise. 

F+N+H+/74+04+K4+P4+64+Q4+/4+84K = 0.0103 
+ 0.0263 + 0.0156 + 0.0078 + 0.0072 + 0.0180 + 0.0103+ 0.0084 + 
0.1330 + 0.0078 + 0.0034 + 0.0180 = 0.2661 = constant per index head. 

Additional-piece Time.—V-1 + W-1 + Z-1 + P-3 + Q-3 + 2T-3 = 0.0024 
+ 0.0009 + 0.0020 + 0.0003 + 0.0014 + 0.0006 = 0.0076 = constant 
for vise work. 

Q-1 or R-1 + T-1 or U-1 + X-1 or Y-1 = 0.0032 or 0.0036 = constant per 
small or medium piece in vise. 

M-2 + P-3 + Q-38 + 27-3 = 0.0030 + 0.0003 + 0.0014 + 0.0006 = 
0.0053 = constant for small fixture work. 

Q-1 + A-2 + J-2 = 0.0006 + 0.0013 + 0.0009 = 0.0028 = constant per 
small piece in fixture. 

R-1 + B-2 + K-2 + M-2 + P-3 + Q-3 + 27-3 = 0.0007 + 0.0018 
+ 0.0009 + 0.0030 + 0.0003 + 0.0014 + 0.0006 = 0.0087 = constant for 
medium work in fixture. 

S-1 + C-2 + L-2 + M-2 + P-3 + Q-3 + 27-3 = 0.0010 + 0.0021 + 
0.0014 + 0.0030 + 0.0003 + 0.0014 + 0.0006 = 0.0098 = constant for large 
work in fixture. 

N-2 + O-2 + P-2 = 0.0011 + 0.0024 + 0.0021 = 0.0056 = constant per 
clamp. 

Q-2 + R-2 + S-2 + T-2 + U-2 + V-2 = 0.0014 + 0.0005 + 0.0005 +4- 
0.0014 + 0.0006 + 0.0004 = 0.0048 = constant per nut on clamp already on. 
D-2 + H-2 = 0.0018 + 0.0028 = 0.0046 = constant per locating pin. 

F-2 + G-2 = 0.0028 + 0.0009 = 0.0037 = constant per locating screw 
tightened by hand. : 

Q-1 + A-2 + Z-1 + J-2 + P-3 + Q-3 + 27-3 = 0.0006 + 0.0013 + 
0.0020 + 0.0009 + 0.0093 + 0.0014 + 0.0006 = 0.0071 = constant for 
small part clamped to table. : 

R-1 + B-2 + Z-1 + K-2 + P-3 + Q-3 + 27-3 = 0.0007 + 0.0018 + 
0.0020 + 0.0009 + 0.0003 + 0.0014 + 0.0006 = 0.0077 = constant for 
medium part clamped to table. , 

S-1 + C-2 + Z-1 + L-2 + P-3 + Q-3 + 27-3 = 0.0010 + 0.0021 + 
0.0020 + 0.0014 + 0.0003 + 0.0014 + 0.0006 = 0.0088 = constant for 
large part clamped to table. 


Inspection: 
Inspected for size and finish. 


Payment: 
Standard-time group. 


Approved: 


Time-study Supervisor Time-study Department 


CHAPTER XXIX 
FORMULA FOR ALLOY CASTINGS MOLDED ON BENCH 


The formula example given in this chapter is for the brass 
foundry operation of bench molding. In this particular case, the 
work is of an extremely varied nature. The number of patterns 
molded in a flask varies from one to seven. Because of this great 
variation, it was believed, for a long time, to be out of the realm 
of incentive systems. At length, however, the idea was con- 
ceived of allowing a certain amount of time for each flask, regard- 
less of the number of patterns contained therein. The foreman 
in charge was to see that each molder utilized the flask space to 
the best advantage, and the moveman or checker was to approve 
the number of molds made. The thought was that while there 
would be many inconsisteneies over a pay period of 2 weeks, the 
average would be about right. As a matter of fact, the bonus 
earned was fairly consistent if the nature of the work remained 
the same from pay to pay, but the men were not satisfied, and 
it was difficult to make an equitable distribution of the costs. 
In slack times, there was a tendency not to crowd as many patterns 
into a flask as in good times, thus making the work on hand last 
longer. In general, the plan was found to be unsatisfactory; 
so the work was time studied with a view to making a formula. 
The time spent has been more than justified by increased pro- 
duction with consequent reduced costs to the company and by 
the satisfaction of the workers in having earnings directly pro- 
portional to effort. The operators now know the amount of time 
they are allowed for each casting, and the foreman is relieved 
from checking to see that the flask space is being used to the best 
advantage. The costing of the operation is definite and accurate. 
This example should clearly demonstrate the possibilities of 
formula application to foundry work. 
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Formula O-4 No. 7. 
Part: Nov. 1, 1924. 
Alloy castings molded on bench. 
Operation: 
Mold. 
Work Station: 
Bench. 
Allowed Time: 
First-piece Time. 
Simple: 0.0500 + 0.075D + 1.10 (additional-piece time). 
Medium: 0.1000 + 0.001880’ + 0.075D + 1.10 (additional-piece 
time). 
Complex: 0.1750 + 0.0077C’ + 1.10 (additional-piece time). 


Additional-piece Time. 


Simple:°"7>* + 0.00234C + 0.0207P + NB + R. 


Medium: a + 0.00384C + 0.0484P + NB + R. 


Complex: Ca + 0.0129C + NB + R’) 1.10. 
Add 0.019 to above formulas for each frame necessary, 
where A = see Table 1 or 1A. 
= see Table 2. 
= total length of parting line in inches. 
= total length of parting line in match in inches. 
= use when cores are required. 
number of cores. 
= number of parts per pattern. 
= 0.0150 when reinforcing is necessary. 
= 0.0500 when reinforcing is necessary. 


BPaywZzo2®aw 
I 


TasLe 1.—Vauuss or A ror Aut Castines But Copper BLocks 


1 when greatest pattern area falls between 50 square inches and up. 
= 2 when greatest pattern area falls between 25 to 50 square inches. 

3 when greatest pattern area falls between 15 to 25 square inches. 
= 4 when greatest pattern area falls between 11 to 15 square inches. 

5 when greatest pattern area falls between 9 to 11 square inches. 
= 6 when greatest pattern area falls between 6to 9 square inches, 

7 when greatest pattern area falls up to 6 square inches. 


ll 


pa PRP PP 
| 


ll 


TaBLp 1A4,—Vauuns or A ror CoprEr BLocks 
1 for areas of 25 square inches and up. 
2 for areas of 15 to 25 square inches. 
= 3 for areas of 11 to 15 square inches. 


Pond 
I 


TaBLE 2,—CoRES 
Class Decimal Hours 


+A 0.005 
B 0.014 
C 0.026 


D 0.062 
* A-D. See Core Classification, 
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Application: 

This formula applies to all molding of alloy castings done on the bench in 
flasks up to 18 by 14 by 8 inches with or without frames as done in O-4 at the 
present time. 


Analysis: 

Tools and equipment needed are bottom boards, molding boards, flasks, 
riddle, shovel, molding sand, patterns, parting sand, peen and rammers, 
strike bar, venting pins, core glue, reinforcing nails, water and brushes, 
gater, slicks, drawing and rapping tools, sprue and riser cutters, cores, bel- 
lows, compressed air, graphite, weights, gate patterns, frames, match, file, 
and iron hook for shake out. 

Jobs are put in work by production clerk by sending tag to pattern stores. 
Pattern keeper draws patterns and core boxes and delivers them. Group 
leader assigns jobs to each molder. Each molder gets his own cores. 

Sand is brought to molders by laborer when needed. Laborer removes 
finished castings to band saws. Each molder pours and shakes out his own 
flasks and mixes his own sand. 

Ten per cent of additional-piece time is allowed in first-piece time to cover 
time spent by molder in receiving instructions and the time spent getting 
equipment ready and determining the best way to do the job. 

Two sprue holes are allowed per mold. Table of A takes care of the 
number of different patterns sharing mold constant. In order to make the 
most standard time, the molder must have this flask as full as possible. | 

Frames are used whenever the pattern is so large that the regular cope or 
drag does not leave a deep enough section of sand. The sand may be fairly 
thin if casting section is small and cools rapidly, but for casting sections of 
say 15 square inches, at least 3 inches of sand should be between the metal 
and the bottom board in the drag. In the cope, the sand must be high 
enough to provide sufficient head in the risers to feed in metal to take care of 
cooling shrinkage. Here again, the height necessary depends on the size 
of the casting. In general, the larger the part of the casting in the cope, 
the higher must be the riser. Alloys 1 and 6 have greater shrinkage than 
the other alloys commonly used and for this reason must be provided with 
more generous risers. 

Reinforcing with nails is necessary when patterns have narrow sections, 
pockets, etc., or are very straight. Holes in patterns and weak edges are also 
reinforced. : 

No scrapped castings are to receive a standard-time value. They are 
considered to be made on the molder’s own time. For this reason and to 
care for fatigue and the more than usual unavoidable delays to which a 
molder is subjected, an allowance of 30 per cent is given. 

It is recognized that it takes longer to pour copper than the other alloys 
because it is necessary to test the condition of each furnace charge and to 
cover over sprue and riser holes with dry sand and also because, in the 
majority of cases, more than two sprues and risers are needed. On the other 
hand, no copper jobs have thin intricate sections and there is not the amount 
of patching and dressing necessary that there is in other more complicated 
work. At the same time, copper jobs are considered to fall into the simple 
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or the medium classification, according to the nature of the parting line, 
although the time allowed for patching and dressing is greater than is actu- 
ally necessary. These two conditions offset each other so that the total 
time per casting will be given by the same formula that is used in other cases. 

By copper blocks is meant heavy solid. “‘chunks” of copper. Due to the 
great cooling shrinkage of copper, it is necessary to have large risers on top 
of each “chunk.” This does not leave as much room for other patterns as 
there is when these risers are not used. The values of A given in the table for 
copper blocks are to be used whenever the casting has a large solid section. 
Many of these blocks must be made in the cope to insure a smooth surface, 
-and in these cases care must be taken to allow time for adding a frame. 

Plain cylindrical castings taking a plain cylindrical core in the center are 
made from a split pattern. In this case, the total length of the parting line 
is taken to be the length of the parting line of one-half of the pattern only. 
This is because these are very simple patterns and require very little or no 
patching. Using the actual total length of the parting line would give a 
patching time much greater than that actually required. 

Chills are to be considered as Class C cores. Care should be used in 
determining values of A when chills are used to allow the greater area as 
determined with the chills in place. 

Only castings which appear on the shipping report of the brass foundry 
will be paid for. This eliminates the problem of keeping a record of scrap. 
First-piece time will be allowed every time a job is marked as finished on the 
shipping report. 

Complex jobs are largely carbon brush holders. Here the parting line is 
very irregular and the draw hard. An additional 10 per cent is allowed on all 
these jobs to care for excess patching which may be necessary. Most of 
these patterns are old and warped, making the draw additionally difficult. 
Except where a special match board is used, it will be considered that only 
one is done ina flask. Only a very skilled molder can put two in a flask and 
then only after he has worked the job for some time. When a match board 
is used, two patterns may be easily made in one flask. In this case, prepara- 
tion time is not allowed on the first piece. If only one pattern is ordered 
for a job with two patterns on one match board, only one pattern will be 
used. The worker should not be penalized for this, and a special time value 
should be set for this condition. All complex patterns are considered to be 
made in one piece. 

Pattern Classification : 


Simple: Simple edges, not numerous, thick sections, parting line in one 
plane. 

Medium: Several edges, ribs, etc., thin sections or pockets not deep but 
requiring reinforcing, parting line not in one plane. 

Complex: Many edges, ribs, projections, hollows, etc., thin sections, deep 
and narrow sections requiring reinforcing, parting line very irregular, com- 
plicated cope making a difficult draw. Most brush holders fall in this class. 


Core Classification : 


A: Simple cylindrical cores and other small cores where no filing or 
fitting is necessary. ; 
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B: Cores having few, if any, projections, taking a slight smoothing of the 
edges before placing. 

C: Cores having projections, thin sections, etc., requiring venting and 
fitting into place. 

D: Large and complicated cores, or cores which must be held in place by 
nails to prevent floating. 


Procedure: 


Place molding board or match, place patterns, place drag, shake on part- 
ing sand, fill riddle, riddle, peen around pattern with fingers, fill drag, peen, 
refill drag, ram, strike, turn, remove molding board or match, prepare drag 
for cope, place cope, lay in upper halves of patterns if any, reinforce if 
necessary, shake on parting sand, fill riddle, riddle, fill cope, peen, refill cope, 
ram, strike, vent, place molding board, draw cope, gate cope and drag, cut 
sprue hole and riser, moisten pattern edges, draw patterns, repair cope and 
drag, file and place cores if any, place drag on floor, stand cope on edge, 
finish sprue holes on top, place cope on drag, place on weight, prepare for 
next mold, pour, remove weight, shake out flask and stack, inspect and 
remove casting, wet and mix sand. 


TIME STUDIES 


Study Number Date Taken by 
S-1 10—2-24 H. B. M. 
S-2 10—2—24 ss 
S-3 10-38-24 es 
S-4 * 10—3-24 
S-5 10—3—24 as 
S-6 10-38-24 ue 
S-7 10-6—24 ss 
S-8 10-6—24 ee 
S-9 10—7-24 a 
S-10 10—9—24 s 
S-11 : 10-10-24 — 
S-12 10-13-24 os 


Also miscellaneous short studies covering pouring, shake out, and first-piece 
time. 
TaBLe OF DeraiL VALUES 


Sym- Standard. 
bol Operation Description Reference Time 
A Place match or molding board on 
| GYSYAV6) Slee Geers Ge Chen aes CI eR Ee S-6 0.0020 
B IRB Ole Aes 5 hoc ero Hyco cE Tuc ee S-2-4 0.0032 
(6; Partin gisandlm 2 yaarees aos scree © a1 0.0026 
Deeeillmddlens cece ewe coaeeee | S=LOEET 0.0032 
EH Riddle S-5 0.0070 
F Billkdraca(OricCOpe) aes «+e 6 seen aaiss S-2 0.0046 
G IRCONMM Rec eaie nas ook bee iene Ds S-4-3 0.0092 
Hie Retilkdrars(OlMCOpe)nse.access-ea-+ S-4 0.0040 
I IRGHED., oS tho Sel RE OO ORG eon a earnest S-2-10 0.0078 
J SGrilcen cenee ccearar a tametnd “senate au tpar ete S-7 0.0044 
Kou elace bottom~boardy.. anocce ss «<1 a S-2-10-11 0.0042 
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TaBLe or Dera VALUES.—(Continued) 


Sym- Standard 
bol Operation Description Reference Time 
L TUTE 3:2 h hoe ete ao emt oe as S-3-8 0.0026 
Meme ORemove matcher enteral: S-1-6 0.0034 
Ni we lacercoperinmcy ceiaceetinn eer S-12 0.0057 
O Cut and finish sprue hole complete... S-3 0.0178 
P Stand cope on edge and remove mold- 
INP eHOaTrd. cue ee Rear Aimee tac ean eae S-2 0.0034 
Q Placemdragion Hoonmerer nee ire S-1 0.0044 
Rew Placeicope ondrage seer uae o-oo 0.0062 
S EKA VND TOP UNE H, oo oa oe oon buce st occ S-1 0.0027 
fh MEV tathio onohaccaceooshog ae Sees 0.0038 
Ups Place: frame sho tance cata eer S-5-6 0.0022 
‘Vemmee Pill frei 65 sieeen sete eeeatn eyo S-5-6 0.0036 
W.. Gate completes. case icniee coer S-12 0.0628 
Xo Peenywith singers, esa cinoe mite ae See Pattern Classification ‘Table 
Youu lavanacernein lace near enciakieit: See Pattern Classification Table 
Z Prepare) drag ya ese erence Ane cect See Curves C-C lines 
; : Simple and medium 0.0150 
A Reinforce sn ae ase oie ae { Complex 0.0500 
BAY Drawecopes., conse acters maraacus es ste See Pattern Classification Table 
Cem e REDSITICONCs ee ae einer ere ‘See Curves C-C lines 
Dame Repairdragtacw terenm at ee eer: See Curves C-C lines 
Hig Geticore andi scrapers anaes See Core Classification Table 
[PEM © THEVA Cetera, ome oes cose. ae 8 ues See Core Classification Table 
Ee A iitin Becmne, oe citech we ne Coen ec See Core Classification Table 
Ham Moistened esa js-eereerat ere ork: See Curves C-C lines 
[ey Shellic  coretae erie eee eee See Core Classification Table 
Kae Llacenippernpat tennessee ene See Pattern Classification Table 
jb! IDI? WO Hes ooo coo bu weve bh 5 See Pattern Classification Table 
Als, wRemove  welpht. Ae) cam ait eater oan siclotheve mena ere 0.0036 
Bee inspect and remove castiney ei ree seer 0.0096 
CoS shakeoutrand stackstlaskeya: setter ein eee eat 0.0122 
DSB W Ctaper tasks, Maseuacictee tac soe woes eae een eee 0.0104 
Ess S shovel. per tlask..ie aap one team een oreiee 0.0217 
Af Walk to pattern rack and return................... 0.0150 
By a eselect JOD s.c8.% See ee re bee 0.0200 
Cf 1Get-coresitrom core roomeree eee eee eee 0.0750 
Diem Returnejop to pattern Tracker tei err eee 0.0150 
PATTERN CLASSIFICATION TABLE 
Operation Simple Medium Complex 
ay pattermansplacesae a cere erate 0.0040 0.0065 0.0065 
DIawrCOpernrc.: eka coca maa net ere keene 0.0040 0.0055 0.0170 
Draw pattern (includes rap)................. 0.0052 0.0109 0.0283 
Vemt rics cca cssnede ithe ose. orcuanenabeveudeapsyatene tropa lc iy ke a Ree eC ete 0.0087 
Finger peen (cope and drag)................. 0.0025 0.0090 0.0188 
Wait:tor Nelp 2h7t.05 aaah irs cee ae SE eee 0.0065 0.0130 


Total ecatiancacs aces ore ee eee 0.0157 0.0384 0.0923 
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Corer CLASSIFICATION TABLE 


Operation A B Cc D 
ile: CONG rites 5.0 a ON Ale ae 0.0079 0.0090 Selected 
Rlacercore Wes less Liha ee etter ene 0.0050 0.0060 0.0081 from 
WiGH TRE ORESSE A Gai tet cen eoa aa ICeR tte Unb hes ae 0.0091 ‘totals 

BDO GAG aes oe A Ie hee ose 0.0050 0.0189 0.0262 0.0625 


Synthesis: 

B+2C+4+2D+2HE 4+ 2F +244 2H+274+2/+2K4+L4+N4+ 
20+P+Q0+Rh+8+T7+W = 0.0032 + 0.0052 + 0.0064 + 0.0140 + 
0.0092 + 0.0184 + 0.0080 + 0.0156 + 0.0088 + 0.0084 + 0.0026 + 
0.0057 + 0.0356 + 0.0034 + 0.0044 + 0.0062 + 0.0027 + 0.0038 + 
0.0628 = 0.2244 = constant per mold to make. 

As + Bs + Cs + Ds + Es = 0.0036 + 0.0096 + 0.0122 + 0.0104 + 
0.0217 = 0.0575 = constant per mold to shake out. 

(Prepare to pour + 3 X pour + 2 X move + return to bench) + 3 = 
(0.0145 + 3 X 0.0038 + 2 X 0.0031 + 0.0096) + 3 = 0.0140 = constant 
per mold to pour. 

A + M = 0.0020 + 0.0034 = 0.0054 + constant per match = constant 
per mold for medium patterns. 

0.2244 + 0.0575 + 0.0140 = 0.2959 = constant per simple mold. 

0.2244 + 0.0575 + 0.0140 + 0.0054 = 0.3013 = constant per medium 
mold. 

G+H+U4V = 0.0092 + 0.0040 + 0.0022 + 0.0036 = 0.0190 = 
constant per frame. 

Af + Bf + Df = 0.0150 + 0.0200 + 0.0150 = 0.0500 = constant for 
simple first piece. ‘ 

Af+Bf+Df+D+H+4G4+H+/74+/4+K4+L+U+4+V =0.0150 
+ 0.0200 + 0.0150 + 0.0032 + 0.0070 + 0.0092 + 0.0040 + 0.0078 + 
0.0044 + 0.0042 + 0.0026 + 0.0022 + 0.0036 = 0.1000 = constant for- 
medium first piece. 

Aig toe Or Oe ee Ba Ge RE de dl pie “poh Oe = 
0.0150 + 0.0200 + 0.0750 + 0.0150 + 0.0032 + 0.0070 + 0.0092 + 
0.0040 + 0.0078 + 0.0044 + 0.0042 + 0.0026 + 0.0022 + 0.0036 = 
0.1750 = constant for complex first piece. 


ll 


Inspection: 

Castings are inspected to see that they are as nearly perfect as is consistent 
with foundry practice. Castings must be filled out in every part and have 
no sand holes, blow holes, or sections out of place due to washed sand or 
cores. 

Payment: é 

Standard-time group plan. 


Approved: 


Time-study Supervisor Time-study Department 
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0.3936 CuRVE 3 
Standard Time = ( Al + 0.0129C + NB + R’) 1.10 |Bench Molding—Com plex 
A’—See write up. 
B—See Core Table 


C—Total length of parting line in inches. Formula 0-4 #7 Nov. 15, 1924 
N—Number of cores. 


R—Use when reinforcing is necessary = 0.0500 Approved D. W. Milton 
—for use with curve = 1.10 X 0.0500 = 0,0550 


-Use A'only when a matchboard 
holding two patterns 1s used. 


Core Table 
Class | Dec. Hrs. 


/Oinches 


J 
7 


pace Vertical 


One § 


0.000 9800 1000 1.200 
1.10x Decimal Hours 


CuRVE 3. 


CurRvE 4 
Bench Molding—Simple Pat- 
tern 
Simple Flask—up to 18” x 
14” SG 8” 


Formula 0-4 #7 Nov. 15, 1924 
Approved: D. W. Milton 


a 2) 
BRE wR cp) 
MMO erat 


ra) 
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me 
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Gs dditional Piece Tiirre 
| 
Where D= one when cores arerequirea 


0.200 0.300 0400 0.500 0600 07100 0,800 


First Piece Time, decimal hours 


Curve 4. 
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Cur 
First Piece Time SF oe Rei + 0.075D “+ 1.10 Bene ae ne—-¥ 6 unite 
n, 


oe Fla ask—up to 18” 


ceVertically= 20 inches of 
7 £C"lines, 


Parting Line(read along C* 


bey counts 
A 
Za 


First Piece Time - Decimal Hours: 


One Spa 


CurvE 5. 


| First Piece Time = Or + Gktonal + 110 
(A ime 
C’—Total length of parting line ae 
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CHAPTER XXX 
FORMULA FOR STOREROOM 


In most lines of manufacturing, the storeroom plays an impor- 
tant part. Figuratively speaking, the storeroom is often the 
neck of the bottle, for all material is received by the storeroom 
before it goes to the machine and assembly floors. An efficient 
shop is dependent on an efficient storeroom. 

In spite of the importance of the storeroom, the job of the 
storeroom attendant is not considered as being high class. What 
is required of the attendant more than anything else is interest 
in the work, a good effort, and cooperation with the other store- 
room attendants and the operators on the floor. These things 
are not easily secured from the type of men who are usually 
employed for storeroom work, especially when their earnings 
are in no way dependent on what they do. 

It has been proved that the best and the easiest way to get a 
good effort on a job is to connect earnings with effort. Instead of 
paying a man more money on the day-work basis, he should be 
given an opportunity to earn more under some good incentive 
plan. During times of peak prosperity the cry of labor shortage 
is heard on every hand; but the real difficulty is that full advantage 
is not yet taken of what labor is available. The proper effort is 
not obtained from the labor that is employed on such work as 
storeroom work, material handling, and the like. 

The formula example given in this chapter shows how store- 
room work can be measured with remarkable accuracy. Pre- 
vious to the making and applying of this formula, several bonus 
schemes were tried, but due to the variety of the work and the 
lack of scientific method of measurement, they proved 
unsatisfactory. 

In storeroom work, output’ is not directly proportional to 
effort. If it takes a certain amount of effort to fill a certain sized 
order, it by no means follows that it will take twice the effort to 
fill an order twice as large. At first glance, it might seem that 
first-piece and additional-piece time values should be established, 
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but several things, such as the clerical work involved in the 
payroll computations and the difficulty of handling “stock out” 
cases, render this impracticable. 

After the storeroom work had been carefully studied, it was 
found that under average conditions a 10 per cent increase in 
effort brought about a 100 per cent increase in output. Earn- 
ings should be tied up with effort, and therefore the bonus made 
is figured as follows: 


Time allowed 
Time taken 


X 10 = bonus in per cent. 


Under this plan, if the time allowed is less than the time taken, 
no bonus is allowed. If the time allowed is exactly equal to the 
time taken, a bonus of 10 per cent is paid, and if twice the time 
taken, a 20 per cent bonus is given. Earnings under this plan 
have been very consistent through busy times and dull, labor 
turnover among the storeroom crew has been reduced to almost 
nothing, and the men are well satisfied. 


Formula F-12 No. 8. 
Mar. 16, 1925. 
Part: 
All materials stored in section F-12 storeroom. 


Operation: 

Receive, store, draw out, and deliver material used by section F-12. 
Issue material on requisitions, from other departments, and 5501’s. Opera- 
tions that arise in connection with the above, as mentioned in this formula. 


Work Station: 
F-12 storeroom. 


Allowed Time: 

Per unit of apparatus: 

[0.000547A + (0.00246 + Curve 1)B + (0.00639 + Curve 2)C + (0.0683 
+ Curve 3)D] 1.75, 


where A = number of parts small enough to weigh out* (excluding hard- 
ware). 
B = number of parts, above weighing size, that are stored in bins. t 
C = number of parts, weighing 100 pounds or less, that are stacked 
on the floor. 
D = number of parts, weighing over 100 pounds, that are stacked 
on the floor. 


* In general, parts weighing } pound or less. 
+In general, parts weighing over } pound up to 25 pounds and occupying a space of 
not more than 1 cubic foot. 
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Application: 


This formula applies to the handling of all material that is received 
and issued by F-12 storeroom under conditions as of Mar. 16, 1925. 


Analysis: 
Material is handled on: 


Form Number 


IsSUCSS. 2a. .tae no Seen roe ee ens 3904-A and 4566 
Horeman's requisitions: =e) aera 1774-D 
Works delivery to stores or warehouse..... 5501-C 
Interworks:deliveryaem ere nr err 1775-A 
Works credit memorandum............... 1773-A 
Works requisitions on storeroom.......... 1772-C 
Credit Slip ae. dace miette eke erga oie mer as 3986 
Finished-material delivery slip............ 41 


“Tssues” are made out by the group leader for all material required from 
the storeroom; exceptions to this rule are often made with drawing and item 
material, when the material is drawn on verbal notice alone, from the group 
leader. 

“Foreman’s requisitions” cover material required from and by other 
storerooms and departments, also material sent out for finishes, ete. 

“5501’s” cover material sent to other storerooms or warehouses for 
shipping. ; 

‘“‘Interworks deliveries” cover material ordered from storeroom by Home- 
wood Works, also material delivered to the storeroom by feeder sections. 

““Works credit memorandums” cover material ordered from storeroom 
by D. & 8. Stores. 

“Works requisitions on storerooms” cover material delivered to storeroom 
by other storerooms. 

“Credit slips” cover material returned to storeroom from within the 
department, such as surplus, ete. 

“‘Winished-material delivery slips’? cover material and parts of apparatus 
on which work has been done (such as machining and assembling) that is sent 
to the storeroom by its own section. 

The personnel of the storeroom consists of five men, with duties as follows: 
The stockman supervises the work of the other four men; handles all 5501’s 
and requisitions for material ordered by Homewood Works, D. & 8S. Stores, 
and other departments; keeps track of order points and stock-out material; 
disposes of surplus material and helps the other four men whenever necessary. 

The second man stores away all standard material and castings that are 
delivered to the storeroom. 

The third man draws standard material and delivers it to the workmen. 

The fourth man receives and issues all drawing and item material and 
material bought outside; stores it away and makes out requisitions for 
machining and finishing of the material. He also tends to the window, 
making small issues of hardware and miscellaneous material for which 
the workmen go to the storeroom. 

The fifth man helps to draw, or store, material; revises order points; and 
does some trucking, with a hand truck, between other storerooms and. 
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departments, such as, going after material that is wanted in a hurry, or 
delivering service orders to the shipping department when the electric truck 
is not available. This trucking should not average more than 25 per cent 
of one man’s time as practically all trucking between departments should be 
done by an electric truck. 

All material is delivered direct to the storeroom, except small quantities 
that are delivered, by Shop Express, to the section express station and taken 
from there to the storeroom, by the storeroom help; and small quantities 
for which the storeroom help goes to other storerooms or departments. 

All material is stored in bins or stacked on the floor, depending on its size. 
Material stored in bins may be either ranked or thrown into the bin, depend- 
ing again on its size. 

As the material is stored, each piece is counted (the small pieces are 
weighed on calculating scales, as hardware, clips, etc.), and the amount 
recorded on a lot tag, which is attached to each bin or stock of material. 

The locations of the stored material are posted in a card file according to 
style or stock order numbers, whichever the material may be on. 

Material of the same style may be on two or more different storeroom 
numbers in which case it is stored ir separate lots according to the storeroom 
number. ‘This is done for accounting purposes. 

When storing a new lot of material, a certain number of pieces are separated 
from the rest of the lot by a sheet of heavy paper to mark an order point. 

Material is drawn on ‘‘issues” presented at the storeroom by the work- 
men. If the workman wishes to take the material with him, it is drawn at 
once by the man tending to the window. If the material is not wanted at 
once, the issue is placed in a basket beside the window and filled in its turn. 

Issues are taken from the basket and the locations of the material deter- 
mined from the card file and marked on the issue. 

The material is then drawn, loaded on a truck and delivered to the 
workmen. 

The issue is then signed by the group leader and taken back to the store- 
room where it is deposited in a box. The box is emptied each morning and 
all the receipts and issues of the preceding day are turned in to the 
ledgerman. 

Material that is drawn on 5501’s and requisitions from other departments 
is tagged and piled in a shipping space, in the storeroom, from which it is 
taken by an electric truck and delivered. 

The duties of storing, drawing and delivering standard material to work- 
men, also of filling 5501’s and requisitions from other departments, are cov- 
ered by established values from time studies. These duties amount to 
three-fifths of five men’s time. The duties of handling drawing and item 
material and hardware, tending to window, trucking, keeping the storeroom 
in a clean and neat condition and supervising, were found, by investigation, 
to amount to two-fifths of the five men’s time. This is covered by multiply- 
ing the time allowed for handling standard material and requisitions by the 
factor 1.75, which was arrived at as follows: 5 + 3 = 1.66, the number by 
which the time of three men must be multiplied to equal the time of five men. 
This was raised to 1.75 to allow time for revising order points and other 
small, irregular duties. 
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To the values for storing material has been added 44 per cent; 25 per cent 
for fatigue and unavoidable delays and 19 per cent for irregular operations 
such as clearing bins, marking order points, checking with stockman and 
ledger, untying sacks of material and cleaning up around the bin after storing 
material. 

To the values for drawing and delivering material has been added 37 per 
cent; 25 per cent for fatigue and unavoidable delays and 12 per cent for 
irregular operations such as checking with stockman, looking up material 
due to errors in records, waiting for elevator, collecting empty pans, getting 
different size trucks, and carrying upstairs small quantities of material that 
are wanted in a hurry. 

These percentages of 19 and 12 are the actual percentages of time, over 
which the studies were taken, that were taken up by these irregularities. 

The average number of pieces on one receipt, or issue, varies with the size 
of the part. These averages were determined by averaging a number of 
receipts and issues over different periods of time within the past 3 months, at 
which time the activity in the section was about 80 per cent normal; therefore 
the averages found, being 80 per cent normal, were raised to 100 per cent. 

Example: 18,369 + 36 = 510. 510 = 80 per cent. 100 per cent = 
600 approximate, where 18,369 equals the number of pieces, small enough 
to be weighed on calculating scale, that were ordered on 36 issues. These 
issues were taken from dates in the first, middle, and last parts of different 
months. 

Other averages adopted as a result of investigations follow: 


Average number of issues per load.....................- 2 
Average number of items per issue....................-.- 2 
Average number of pans per load:...................-.- 2, 


These three averages do not apply to parts weighing over 100 pounds per 
piece, in which case the average is one item per load. 
Procedure: et 

For small parts that are weighed on calculating scale: Get receipt from 
material and check location (A); move material to scale (C); weigh (D); 
store after weighing (#); post amount on tag and location on receipt (J); 
post location to card file; O.K. and put away receipt (J); get issue from basket 
(K); check location (ZL); move truck (M); get empty pan and set on truck 
(O); get scale pan and take to material (Aa); fill scale pan with material 
(Ba); carry pan of material to scale (Ca); weigh (D); dump material into 
pan after weighing (Da); deliver material to floor (S); unload pan of material 
(7); get issue signed by group leader (W); return to storeroom (X); put issue 
away (Y). 

For parts above weighing size that are stored in bins: Get receipt from 
material and check location (A); move material to location (B); store in bin 
(F); post amount on tag and location on receipt (J); post location to card file, 
O.K. and put away receipt (J); get issue from basket (K); check location (L); 
move truck to location (M); get empty pan and set on truck (O); draw 
material from bin (P); deliver to floor (S); unload pan of material (7); get issue 
signed by group leader (W); return to storeroom (X); put issue away (Y). 

For parts stacked on the floor, weighing 100 pounds or less, also for large 
parts stored in bins, such as transformers, assembled relays, and shafts, the 
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procedure is the same as above except the material is not delivered in pans, 
but is stacked on the truck (Q) and stacked on the floor or bench when deliv- 
ered to workmen (U). 

For parts stacked on the floor, weighing over 100 pounds each, the pro- 
cedure is the same as in the preceding paragraph except that moving material 
to storing location, stacking, loading, delivering and unloading requires 
two men, 

TaBLE OF DETAIL VALUES 


Sym- Time 
bol Operation Description Reference Allowed 

A Get receipt from material and check card file for 

ROCA COT sae rie anette aes Bites ol aide See 0.0735 

Master 
Sheets 

B Move material to location.................... sg 0.0212 
Cc Moveimaterialstorsealer.cc saecteut 2 see ee nt 0.0173 
Diss Weighs (perpiece). “546 Has sell tie heer as “is 0.00004 
E Store after weighing (per piece)............... rs 0.00007 
PF Store material in bin (per piece).............. ss 3 Curve 1 
G Stack material on floor (per piece) (pieces weigh- 

mee! OO}poundszor dess)).t ss. se od ln Weert « sf + Curve 2 
H Stack material on floor (per piece) (pieces weigh- 

imgrover AOOmounds) Meese. Weveras «ahora se + Curve 3 
I Post amount on tag and location on receipt... . ss 0.0144 
J Post location to card file; O.K. and put away 

ERE 01 ie, eae ceatacyter se b PROTESTS Ota ARR Ie Cn s 0.0331 
K Get issue from basket............. Sanaa 0.0206 
L Check location (per item).. tee te yy 0.0188 
M Move truck to first maaan location: paca ole Oe oh 0.0212 
N Move truck from one to another location...... Se 0.0070 
O Get empty pan and set on truck.............. as 0.0050 
lz Draw material from bin (per piece)........... i 3 Curve 1 
Q Load material from floor (per piece) (pieces 

weighing 100 pounds or less)................. ss + Curve 2 
R Load material from floor (per piece) (pieces 

weighing over 100 pounds)................... os 4 Curve 3 
S Deliversmaterial:to floors ane. cis 6. «6 setae 6 ce 0.0575 
ae Unload material (per pan)...............2.-- es 0.0082 
U ___ Unload material (per piece 100 pounds or less)... oe 4 Curve 2 
\Z Unload material (per piece above 100 pounds).. oY + Curve 3 
W Get issue signed by group leader.............. We 0.0370 
Xam Return: (Or SLOTeTOOMI. '. sf- .feyeie o.0) obe Pei eb utes ole My 0.0342 
Name ISSUG AWAY se erie cae tie ee scteie saath ae ih 0.0164 
Z Fill 5501 or requisition from another department 

(GRE) per rererticrscPaeeiMc Letters: cess aecepend suncraysiei se a 0.0426 
Aa _ Get scale pan and take to material............ ot 0.0069 
Ba _ Fill scale pan with material (per piece)........ rs 0.000012 
Ca Carry pan of material to scale................ st 0.0040 
Da Dump material into pan after weighing........ ws 0.0082 


Ex Average number of pieces on one receipt. 
Wz Average number of pieces on one issue 
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Taste oF Detar VALures.—(Continued) 


Ex Wx 
For: parts|that are weighed Outs shmiccieris rer 2,000 600 
For parts, above weighing size, stored in bins 300 80 
For parts, weighing 100 pounds or less, stacked on floor 50 40 
For parts, weighing over 100 pounds, stacked on floor. . 13 6 


Synthesis: 

Curves.—Curves were obtained by plotting the weight per piece against 
the time per operation. 

Curve 1 was obtained by first plotting separate curves for storing and 
drawing material stored in bins. Since the difference between these curves 
was small, one curve was drawn as an average of both operations and could be 
used for either. As this curve would be used twice 1 in the formula, it was 
doubled to make the final curve. 

Curves 2 and 3 were obtained in the same way, by first drawing separate 
curves for stacking, loading on truck and unloading or stacking again upon 
delivery to workmen. These curves were then averaged into one curve 
and this curve tripled to make the final curve. Each curve includes 40 
per cent per operation, which is an average of the 44 per cent and 37 per 
cent added to the other values as mentioned before. 

Time per piece for handling small parts that are weighed on calculating 
scales: 

A+C a K+4L+4+M +20 + 4Aa 4Ca 

‘x Raia o 2Wa mee a+ sae 
wena Siem ald A+C+I/7+4+J7 

Keyed iG ) 1.75 ms ss 
K+406+4+ M+4+20+4+ 44a+4Ca+4Da+8 +2T+W+X+Y 

2Wa : a 

0.0735 + 0.0173 + 0.0144 + 0.0331 
2,000 


2D + H+ 2Ba) 1.75 = 


0.0206 + (4 X 0.0188) + 0.0212 + 


(2 X 0.0050) + (4X 0.0069) + (4 X 0.0040) + (4 x 0.0082) + 0.0575 + 
2X 600 


(2 X 0.0082) + 0.0370 + 0.0342 + 0.0164 


0.1383 eee 
2,000 1,200 
0.000184) 1.75 = (0.000069 + 0.000304 + 0.000174 ) 1.75 = 0.000547 X 


1.75. 


+ (2 X 0.00004) + 0.00007 + (2 x 0.000012) ) 1.75 = ar 


Time per piece for handling parts stored in bins: 


Al ae 15} I C 
ee eRe y ae + REM EEN OO Pt 


a eee oy (aOR TOES 
2We ) 1.75 ( Ex + 
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K+4L4+M4+3N420+S84274+W4+X4+/Y 
2Wa 
‘0.0735.+ 0.0212 + 0.0144 + 0.0331 
300 mi 
0.0206 + (4 X 0.0188) + 0.0212 + (3 X 0.0070) + 
(2 X 0.0050) + 0.0575 + (2 X 0.0082) + 0.0370 + 0.0342 + 0.0164 
2X 80 

0.1422 4 0:3095 0.3095 

~300- 160 


+F +P) 1.75 = 


+ 


2 X 4 Curve 1) Hegoee= + Curve 1) iar = (0.00246 +- 


Curve 1) De 


Time per piece for handling parts stacked on floor, weighing 100 pounds or 
less: 


= oe Keane dt ot SV S 


Geet ata Wa sr (ae Wa 
WEE LY) y75 (ASBEEES 
K+424+M+38N+S+W4+X+Y 
2Wax 
0.0735 + 0.0212 + 0.0144 + 0.0331 
50 + 
(3 X 0.0070) + 0.0575 + 0.0370 + 0.0342 + 0.0164 
2x 40 


+ Curve 2) ate (0.00639 es 


+U+ 


+G4+Q4U) 175 . 
0.0206 + (4 X 0.0188) + 0.0212 + 


+ 


0.1422 x 0.2831 
50 80 


3 X 4 Curve 2) 1,75 = 


Curve 2 ) 175: 


Time per piece for handling parts stacked on floor, weighing over 100 
pounds: 


Bee ee i ey 


2 tt) 17 - Ae eB eel Ed 
Wax i Ex 


RAE AMS OO PAS + H+R+V) 175 = 


0.0735 + (2 X 0.0212) + 0.0144 + 0.0331 ‘2 0.0206 + 0.0188 + 0.0212 + 
13 


(2 X 0.0575) + (2 X 0.0370) + (2 X 0.0342) + 0.0164 


6 
a Es ce + Curve 3) 1.75 = ( 0.0126 + 


0.0557 + Curve 3) 75a ( 0.0683 + Curve 3) 1.75. 


-f- 


+ 


3 X 4 Curve 3) ion ( 


Payment: 

Special day-work bonus group plan. 

To the time allowed for the number of pieces of apparatus shipped is 
added the time allowed for filling 5501’s and requisitions for other depart- 
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ments at 0.10 each. These 5501’s and requisitions are to be turned over to 
the cost department each day, to be summed up at the end f the pay period 
and upon the approval of the supervisor of production, figured in the group 
earnings. 

The time allowed is divided by the time taken and the result multiplied 
by the controlling factor (0.10) to determine the bonus percentage which is 
added to the hourly rate of each member of the group. 


Approved: 


Time-study Supervisor Time-study Department 


Curve 1 
Store In and Draw Material 
from Bin 
Formula F-12 48 
Mar. 16, 1925 
Approved: W. A. Milton 


This curve includes both oper- 
ations (F) & (P). 


Ww 
tL 
2 
oO 
ae 
cS 
E 
ae) 
oY 
a 


10 5 20 
Weight per Piece, Ib. 


Curve 1. 
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This curve includes three oper- 
ations (G), (Q), & (U). 


Decimal Hours 


: 0 10 20 30 40 50 60 70 80 90 100 
Weight per Piece, Ib. 


CuRVE 2. 
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Curve 3 
F : Stack, Load & Unload Ma- 
This curve includes time for terial that is Stacked on the 
two men to do three opera- Bee: 
tions (H), (R), (V). Formula F-12 #8 
ar. 16, 1925 
Approved: W. A. Milton 


100 120 140 160 180 200 220 240 260 280 300 
Weight per Piece, Ib. 


CURVE 3. . 


CHAPTER XXXI 
FORMULA FOR WINDING A.C. FIELD COILS 


In most factories engaged in the manufacture of electrical 
apparatus, the making of various kinds of coils comprises a 
large part of the work. These coils vary in the number of turns, 
size of wire, shape of wire, size of coil, and the like, according to 
the rating, design, and purpose of the apparatus with which 
they are to be used. Due to these variable characteristics, it 
is difficult to establish accurate and consistent time allowances 
by comparison. In plants, however, where the number of jobs 
is large and scarcely two alike, it is obviously impractical to 
time study each individual job. The majority of time allow- 
ances, therefore, when established by estimate and comparison, : 
are largely guesses based, of course, on some other similar jobs. 
Even though the estimator has a good knowledge of the work, 
actual practice has proved this method to be unsatisfactory from 
almost any viewpoint. 

The formula method has solved the difficulty in establishing 
time values on this kind of work, as it has before, wherever it 
has been applied. The coil-winding formula given in this 
chapter as an example has been in use for several years and 
proved its merits beyond question. Previous to the application 
of this particular formula, the operators who were engaged on 
the work were continually complaining about the inconsistency 
of time values. Since its application, complaints of this kind 
are very rare. The time saved in establishing time values, the 
advantages in costing, and the feeling of satisfaction enjoyed by 
both workers and supervisors, brought about by the application 
of this formula, have justified many times over the time 
spent in its compilation. 

Whenever there is a chance that a formula may be wrongly 
applied, a complete set of instructions on just how each term 
should be handled should accompany the formula. In the case 
of the formula here given, a number of terms are used which are 
peculiar to coil winding alone. In order that no ambiguity 
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might exist, a set of instructions has been made up. They are 
made up in a similar form to the working sheets, and blueprinted 
copies together with the working copies of the formula are kept 
in the formula book of the routine man. 


Formula E-2 No. 7. 
Sept. 15, 1920. 
Part: 


A.C. field coils. 
Operation: 
Wind. 


Work Station: 
No. 4 winding head. 


Allowed Time: 


Straight-up Cotls.—0.1430 + 0.00087 + 0.0151Z, + 0.0025M + 0.0117N 
+ 0.0800P + Q + S + 0.0057W + Z + Curve 1 + L (Curve 2) + L, 
(Curve 3) + Curve 5 + T (Curve 6). 

Two-half Coils.—0.2680 + 0.0143F + 0.00087 + 0.0151 (Zi + Le — 2) + 
0.0025M + 0.0117N + 0.0800P + Q@ +S + 0.0057W + Curve 1 + (Li + 
Le) (Curve 2) + (Zi + Le — 4) (Curve 3) + Curve 4 + Curve 5 + T 
(Curve 6), 


where F = number of cambric ties used to tie two halves together. 
I = number of inches of wire taped. 
L = number of layers for straight up coils. 
L, = number of layers in first half of two-half coils. 
LL, = number of layers in second half of two-half coils. 
M = number of plain lugs. : : 
N = number of lugs drawn with loop strings. 
P = number of short-circuits to be made. 
Q = See Table I. 


= Total number of turns. 


= number of clamps minus one used on first turn. 
See Table III. 


ll 


NS 
| 


Taste J.—MisceLtuaNrous VALUES 
Block coil before removing, for coils over 100 pounds.. 0.0161 


Makerain ducts) per coil eee eer ec eee 0.0752 
Make insulating short circuit...................... 0.0382 
Taste I].—Takr Com to Inspector 
Upsto)2 pounds’ 3iper tripsen ene eee ie 0.0050 
Zistoi4. | pounds.)2) per tripeeemeerine eee ce 0.0075 
Alto .oy pounds, plaper: thip aera erent ener 0.0150 


Over 75 pounds, taken on truck.................0- 0.0638 
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TasLE III.—-Puacre Strrap-corrper Leaps 


Pcie Neneh Percale dae Goran oe cen age Fea Gane 0.1050 
Speclallents Pere lea neta en soos ies wince swe 0.2096 
Application: 


This formula applies to all a.c. revolving field coils wound on rectangular 
center blocks under the following conditions. Square wire up to 0.229 inch; 
wire wound flat having vertical dimension up to 0.229 inch; wire wound on 
edge having vertical dimension up to 0.350 inch; weight of coil not over 325 
pounds; and perimeter of center block not over 60 inches. 

Analysis: 

Tools and accessories needed are scissors, knife, brush and can for bakelite 
and varnish, solder iron, solder ladles, rawhide mallet, monkey wrench, 
pliers, wire cutters, and drifting and pounding blocks. 

Materials and supplies needed are fuller board, fish paper and mica 
combination strips, asbestos paper, tinned sheet copper for short-circuits and 
leads, paraffin wax, cambric, cotton tape, drilling, string, bakelite, and any 
other material which may be specified. 

A.c. field coils are divided into two general classes, viz., straight-up and 
two-part coils. Straight-up coils are those that are wound continuously 
with the starting lead brought out at the bottom from the first turn and the 
finish lead brought out at the top from the last turn. Two-part coils are 
those which have both leads brought out at the top. Bringing both leads 
out at the top is accomplished by winding two coils and connecting the 
start of one to the start of the other thus making one coil with both leads 
coming from the top. Coils are wound in two parts for design reasons. 
When two-part coils are required, it will be specified in the winding informa- 
tion with instructions as to the number of turns in each part. 

Each operator secures his own supplies from the storeroom and his mold 
duct blocks and spacers from the mold room. Five per cent is allowed to 
take care of time so spent. 

The operator writes an order for his wire and gives it to the wireman. 
The wireman brings wire as ordered to the operator. The time required to 
change a reel of wire and to weld the new wire to the old was found by time 
study to be 0.1400 hour. The average weight of a reel of wire may be taken 
as 100 pounds. This is slightly less than the weight of a full reel but is 
compensated for by stubs. The time for making the change complete is 
distributed to each coil according to weight by adding 0.0014 per pound to 
the allowed time. 

The instruction sheet which accompanies the working sheets of this 
formula gives in detail the correct method of applying the formula. These 
instructions should be followed exactly in all cases. 


Procedure: 

Clean mold, place mold on winding head, place and tighten two nuts, 
place temporary fuller board on center block, cut and place four fuller-board 
corners on center block, tie temporary fuller board and corner pieces to center 
block, remove tension from reel, pull wire up and fasten on mold, wedge or 
clamp wire, set counter, replace tension on reel, get tape, finish tape first 
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turn, wind first layer, pound each layer, bakelite each layer, tape last turn, 
get and place crossover sheet, cut and place fuller board on corners, repeat 
taping and winding operations until coil is finished, cut and place lug, get and 
place loop string, cut and draw lug with loop string, cut off end lugs, cut and 
place fuller board and mica protector, skin wire, emery wire for short circuit, 
cut and place copper strap and asbestos, take brush and apply soldering 
paste, make short-circuit connection, get soldering iron, clean soldering iron, 
solder short-circuit connection, return soldering iron, trim insulation at 
short-circuit, cut wire and lay aside, move bench aside, remove two nuts, 
remove side of mold, remove coil, remove center block, remove temporary 
fuller board, get string, tie one string on corner, write tag, glue and place tag, 
carry coil to inspectors, place sheet-copper lead complete, go for solder ladles 
and return solder ladles. 


Time STUDIES 


Study Number Date Taken by 
S-1 1-7-— 3-20 Ge di, Sh 
S-2 2-7— 3-20 = 
S-3 1-7— 4-20 a 
S-4 1-7— 1-20 38 
S-5 1-7- 8-20 if 
S-6 1-7— 9-20 di 
S-7 1—7-10-20 ae 
S-8 1—7-12-20 * 
S-9 1-7-14-20 oe 
S-10 1—7-15-20 se 
S-11 1-—7-16—20 se 
S-12 1—7-17-20 s 
S-13 1—7-18-20 as 
S-14 1—7-19-20 a 
S-15 1-7-20-20 . a 
S-16 1—7-—21-—20 Ss 
S-17 1—7-22-20 ce 
S-18 1—7-23-20 ee 
S-19 1—7-24-20 re 
S-20 1—7—25-20 My 


TABLE OF DeraIL OPERATIONS 


Sym- Time 

bol Operation Description Allowed Reference 
‘Ag “Cleansides:of molds: &.qs-en see eee Curve 
Bee Llacennoldion winding headannn: seni ren itr Curve 
Cae Placosandstightenitwo nuts eeenerene ten Curve 
D_ Place temporary fuller board on center block...... 0.0050 S-4 
E Cut and place 4 fuller-board corners on center block 0.0269  S-4 
F Tie temporary fuller-board and _ fuller-board 

corners) to.center blockers eee ernie einen 0.0078 S-7 

Ga” CleansCollarae nny vrtuiaieieis.sren ccice tern crane tote Curve 
H-Placesand tie collat caw csaimsrigaie san a srontonte cern Curve 
I 
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TasLe oF DertaiL OpEerations.—(Continued) 


Sym- Time 

bol Operation Description Allowed Reference 
Jf Pull wire up and lay on mold.................... 0.0066 S-6 
K _ Hold start to mold with clamp or pliers, wedge..... 0.0057 + S-7 
L SECICOUNLE DN Seiten LRT EU ene Neer hea 0.0050 = S-3 
Mess heplace:tensionon reels.s-cee tee eee oe 0.0066 S-4 
Nee uet tape to-tape vurnits Pan. wee cies eee Le 0.0029 = 8-3 
O Vapexper Inehieneriae. re aie, sae coe io eas 0.0008 S-7 
P Pound perlAavery pres te ie ee eae Nee ee hee Curve 

Q iBakelizeper-layerann nara ar Fora iet ee ros Curve 

S Windiperturnnwetr ween e reer a ees vents tes Curve 

fh Get and place crossover sleeve................... 0.0051 S-1 
V____ Place one piece of fuller board 0.007 at corner..... 0.0013 S-4 
W Cut one piece of 0.007 fuller board for corner...... 0.0012  S-2 
Xe Lapercrossoveron DUlLGe wane e ns ee ee 0.0073 + S-6 
Vee ee andspianccionewurwnenmte sc orca con. eee 0.0025 8-3 
Z Place one loop strings anime m ee me ee nae 0.0028 S-2 
Al Cut and draw lug with loop string............... 0.0076 = S-3 
Bie Cub Ol CNaOLdrawil LUL Ks s ee noe eo meee 0.0013 + S8-4 
C1 Cut and place fish paper and mica insulation....... 0.0064  S-5 
DIE SKine wires men ve ic ie Cee ae kates Free Su 0.0020 S-2 
El  Cutand place piece of copper strap and asbestos.... 0.0130 S-9 
Fl Take brush and apply soldering paste............ 0.0034 S-7 
G1 = Make short-circuit connection................... 0.0136 = S-11 
tiie Get solderingiro nhs cece heer at oe we ee toe ale 0.0061 S-10 
er Clean solderingaron.s see eels sce een oneness 0.0030 S-8 
J1_ ‘Solder short-circuit connection................... 0.0117 S-19 
Clee LULHSOLQCTIN Gg ALON 05 casi ee os « eles teeta 0.0061 S-19 
fii Trim insulation. at short-circuit. ......2.-...8.66 0.0043 S-7 
Mata sCut wireand lay-aside,.,.s2.e: 1c. cers ese, 0.0085" S59 
Ola Moverbenchvaside ant. tr. os Leen See hard, Merete 0.0020 S-4 
Pigee Remove string from collard ees k iad oh wider Curve 

Ol Remove’ collar and lay aside. s..c 8) os ven. Curve 

Me PAREVETSe MO] Gamer erat. frie iat A Pa aie eee athe me Curve 
See CIN OVE WOUNUUG wire eiernG. cts c.g toss sa 4) oe Meare ters Curve 

T1 Get welder and welding machine................. 0.0209 + S-6 
MV VERICC WV OCLC Reena nee Saori, Oa Wal eal SRM Paulas. 06 0.0287 S-17 
V1 Remove welding machine............:... 60.500 0.0034 §S-19 
PY AearLTesWOlGs "erie ae oa ate visio se a harass AaL eld Byer 0.0080 S-14 
XGIPApE AT ONWelC at at tres Sletesete wae skank ois Ov cal ae SMe are eh 0.0105 S-7 
Valse hemover side ofmoldan. oto eee eet? Curve 
Zl eme CIN OV OLCOL re Sorte tte initia oie oe Sais oe ewer idee les Curve 
A2 Remove center block from coil................... Curve 

B2 Remove temporary fuller board.................. 0.0034 8-18 
OCC LB LEIN Mamet te crelseeht) uc gine Ain ies soc char nae Seekers 0.0026 S-17 
i) 2G One: SOVIN ge ODNCOLMCE cen ais se ne rae echo ate 0.0089 8-19 
Bid NU TILePOOUDIC Wa GaNienccn te pose wi nein see sate hee 0.0230 8 S-6 


G2 me Gluerand! place tag te. at- haven doa ede ayer’ alee « ween 0.0061 S-7 
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Taste oF Dprart OPERATIONS.—(Continued) 


Sym- Time 

bol Operation Description Allowed Reference 
H2* Cut and’ place cambric sleeve... 2522-4. 40-255 206 0.0041 + # S-6 
12 Cut and place long cambric ties.................. 0.0065 S-14 
J2 Fasten ends of cambric ties to side of mold........ 0.0078 S-12 


K2 > Carry coil to inspectors bench, over 75 pounds..... 0.0300  S-14 
L2 Carry coil to inspectors bench, 41 to 75 pounds.... 0.0150  S-17 
M2 Carry coil to inspectors bench, 21 to 41 pounds.... 0.0075  S-19 
N2 Carry coil to inspectors bench, up to 21 pounds.... 0.0050 S-8 
O2 Place fuller board or rope filler to throw crossover.. 0.0180 S-4 


P2 ‘Getitruckt sacs Ace oe oe he hee ie re et Pan 0.0388 S-7 
Q2 Place blocks under coil over 100 pounds before 

POM OVID 89 acc St tele reaped ee es eto ager 0.0161 S-6 
R25 Place per clamp on first turnssaee secre ea 0.0057 + S-7 
S2 Clean duct blocks forone ends...2 eae eee re 0.0060 S-14 
12% stilevedgesioti spacer’, Sac makes «oe eee. ee ume ar sar oes 0.0052 S-18 
U2 Place duct blocks and spacer, one end............ 0.0110 S-17 
V2 Drive out duct blocks on one end..............-. 0.0102 S-12 
X25 Emeryewire for short-circuit. as. a eeeee 0.0041 # S-3 
Y2 Cut and place duck to insulate short-circuit....... 0.0055 S-9 
Z2 Place sheet-copper lead complete................. 0.0774 8-10 
Adme Go tonsolderladlestemmmitye ania mek the aera 0.0153 + S-7 
B3eeReturnisolderdadléss7 a eer eee 0.0123 S-12 
C3 ‘Pull duck over short-circuit with string........... 0.0331 S-13 
D3 Tape lead connections and lead, special top....... 0.0640 S-19 
E3 Insulate lead between layers, both sides........... 0.0406 S-4 
Fo) baChancetreel ox: nee Se et Sin oe ee 0.0579 + S-6 
G3 Rewind pwire:onmewsreel vasansersatiae: he aerate 0.0050 S-7 
Synthesis: 


D+E+F4+/74+/74+K 424M 4 2N 4+ M1 + 2-01 + B2 + 
C2 + D2 + #2 + G2 + 02 = 0.0050 + 0.0269 + 0.0078 + 0.0042 + 
0.0066 + 0.0057 + 0.0050 + 0.0066 + 0.0058 + 0.0040 + 0.0034 + 
0 0026 + 0.0089 + 0.0230 + 0.0061 + 0.0180 + 0.0035 = 0.1431 = con- 
stant for straight-up coils. 

D+EH+F 4+274+J/4+K4+L4+2M+6N +401+ 714+ U1 + 
V1+W1+4+4X1+4+ B2+ C24 4D2 + #2 + G2 + 02 + M1 = 0.0050 + 
0.0269 + 0.0078 + 0.0084 + 0.0066 + 0.0057 + 0.0050 + 0.0132 + 
0.0174 + 0.0080 + 0.0209 + 0.0287 + 0.0034 + 0.0080 + 0.0105 + 0.0034 
+ 0.0026 + 0.0356 + 0.0230 + 0.0061 + 0.0180 + 0.0035 = 0.2677 = 
constant for two-half coils. 

Curve 1 = A and A+ G. 

Curve 2°= Q. 

Curve 3'= P: 

Curve 4 = H+ P1+4Q1. 

Curve 5 =B+C+81+4+ R14+ Y1+4+ Z1 + A2 for two-half coils. 

B+C+S8S1+Y1+21 + A2 for straight-up coils. 

Curve 6 = S = winding time. 


ll 
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T + (V + W)4 = 0.0051 + (0.0013 + 0.0012) 4 = 0.0051 + 0.0100 = 
0.0151 = time to place crossover patch and cut and place four pieces of 
0.007 fuller board at corners. 

I2 + J2 = 0.0065 + 0.0078 = 0.0157 = time to place one long cambric 
tie for two-half coils. 

O = 0.0008 = time to tape 1 inch of wire. 

Y = 0.0025 = time to place one plain lug. 

Z + Al + B1 = 0.0028 + 0.0076 + 0.0013 = 0.0117 = time to place 
one drawn lug. 

R2 = 0.0057 = time to place one clamp. 

C1 + 2D1 + 2X24 £l4+R14+G14 414714714 K1+0L1 = 
0.0064 + 0.0040 + 0.0082 + 0.01380 + 0.0034 + 0.0136 + 0.0061 + 0.0030 
+ 0.0117 + 0.0061 + 0.0043 = 0.0798, say, 0.0800 = time to make one 
short-circuit complete on two wires. 

K2 + P2 = 0.0638 for trucking coils over 75 pounds to inspector’s bench. 

282 + 472 + 2U2 + 2V2 = 0.0120 + 0.0208 + 0.0220 + 0.0204 = 
0.0752 = the time to place ventilation blocks on both ends of coil. 

Y2 + C3 = 0.0055 + 0.0331 = 0.0386 = the time to insulate short- 
circuit and is used on straight-up coils when the finish lead is made from 
strap copper and the last two or three turns are short circuited. 

Z2 + A3 + B3 = 0.0774 + 0.0153 + 0.0123 = 0.1050 = the time to 
place one plain strap-copper lead. 

Z2 + A3 + B38 + D3 + H3 = 0.0774 + 0.0153 + 0.0123 + 0.0640 + 
0.0406 = 0.2096 = the time to place one special strap-copper lead, 7.e., one 
that is brought across the coil between the first and second layer. 

F3 +4638 + 71+ U14+ V1 + W1 + X1 + M = 0.0579 + 0.0050 + 
0.0209 + 0.0287 + 0.0034 + 0.0080 + 0.0105 + 0.0066 = 0.1410, say, 
0.1400 = time to change reel and make weld complete. Allow once for each 
100 pounds of wire used. 

Curve 6. Winding Time per Turn.—It was found that the winding time 
per turn was dependent mainly on two conditions; namely, the perimeter of 
the center block of the mold on which the coil is wound and the height of the 
wire used. In order to obtain consistent time, these two factors must be 
considered. This then gives three variables, namely, the perimeter of the 
center block, the height of the wire, and the time required. 

In order to express the relation among the three variables, it was found 
convenient to use two interdependent curves. A number of studies were 
selected on coils where the height of the wire was nearly constant, thereby 
eliminating this factor temporarily. The time per turn for winding was 
plotted against the perimeter of the center block. The ordinate or time 
scale was then changed. The point at which the time is a minimum was 
taken as one and the point where this time doubles.as two and soon. This 
curve then gives time factors instead of time. 

After having determined this variable factor, all of the winding times 
secured were divided by it, thus in effect eliminating all of the influence of 
the perimeter or bringing them all to the basis of a constant center block 
perimeter. The remaining variation in the times per turn was then due to 
the height of the wire being wound. Another curve was then plotted using 
the time as ordinates and the wire height as abscissas which gave the relation 
of time to the height of the wire unaffected by perimeter. 
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To find the true time per turn for any coil, the height of the wire is found 
from the specifications and the time per turn for the given height is read 
from the curve. Then the perimeter of the center block is determined, and 
the factor is read from the factor curve for the given perimeter. The time 
read from the base curve is then multiplied by the factor read from the factor 
curve, and the result is the true time to wind one turn. 


Inspection: 
See inspection sheet from inspection department. 


Payment: 
Standard-time job basis. 


Approved: 
Time-study Supervisor Time-study Department 


SPECIAL INSTRUCTIONS 
Let A = area of part to be cleaned. 


B = perimeter of center block in inches. 
C = height of coil in inches. 
Then A = B(C +2). 


Curve reading gives value for both sides on straight-up coils and both 
sides and collar on two-half coils. 

When using curves 2 and 3 for two-half coils, consider each half as a 
separate coil. The winding space for the first half will be the total wire space 
minus the width of the collar. The winding space for the second half will 
be the same as the width of the collar. 

On straight-up coils, the number of inches taped = 2B. On two-half 
coils, the number of inches taped = 6B + 4rC, 

Plain lugs are lugs that are placed and the end wound over, and drawn 
lugs are lugs that are drawn into place with loop strings. In determining 
the number of lugs for a two-half coil, consider each half as a separate coil. 
If N = the number of layers in build, the number of lugs required may be 
determined as follows: 


When N is an Even When N is an Odd 
umber Number 
Long Center Block Dimension Plain Lugs Drawn Lugs Plain Lugs Drawn Lugs 
F 3N 3(N — 1) 
Wprtorsinches sya) -ee eee er 5 ee N ieee ic N+1 
Over 8 inches..:........... 3N +8 2N 3(N —1) +8 2(N +1) 


When there is no build, N = 1. 

To use curve 6 for flat wire, calculate the size of square wire having an 
equal cross-section area to that of the flat wire, which would be Width X 
Thickness. Then for the abscissa of the curve, instead of the actual height, 
use this calculated height as determined. 

The number of cambric ties used to tie two-half coils together is two for 
coils having long center-block dimension up to 8 inches and four for coils, 
having long center-block dimension over 8 inches. 

On all two-half coils having wire larger than 0.204-inch square flat wire 
with thickness larger than 0.204 inch and wire on edge with the height larger 
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than 0.204 inch, allow one extra clamp. On all open coils wound straight 
up, allow two extra clamps. On all cross and special coils wound straight 
up, allow one extra clamp. 

On straight-up coils when the finish lead is made from strap copper, the 
short-circuit is insulated with non-elastic tape for extra protection and 
mechanical purposes. This is referred to as insulating short-circuit in 
formula. Coils wound in two halves do not have strap-copper leads. 
When a strap-copper lead is put on and brought out at the same side, it is 
called a plain lead. When a strap-copper lead is placed on one side and 
brought across the coil between layers, it is called a special lead. 
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Approved: J. K. Blac 
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CuRVE 3. 
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Curve 4 
A.C. Field Coil Winding 
Collar Handling Time 
Formula E-2 #7 Sept. 15, 1920 
Approved: J. K. Black 
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CurvE 4. 


Curve 5 
A.C. Field Coil Winding 
Mold Handling Time 
Formula E-2 #7 Sept. 15, 1920 
Approved: J. K. Black 


Decimal Hours 


Weight: of Coil, Ib. 


Curve 5, 
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CurRvE 6 
A.C. Field Coil Winding 
Winding Time 
Formula E-2 #7 Rene 15, 1920 
Approved: J. K. Black 


NOTE: Multiply Curve 
Reading by factor X 
to get Winding Time 
per Turn 


7 Whe. 
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CuRvVE 6, 


CHAPTER XXXII 
FORMULA FOR METAL RATIO 


The functions of the time-study department are not limited 
to the establishing of time allowances, and the data which are 
collected and compiled by them are not always for the purpose 
of establishing time values. The formula example given in this 
chapter shows how a formula was compiled by the time-study 
department for another purpose. 

In foundries where the nature of the work is not standard and 
the number of different patterns cast is large, one of the biggest 
problems is to distribute the cost of melting the excess metal such 
as is used for sprues, gates, and risers. The most accurate way 
would be to weigh the casting as poured including sprues, gates, 
and risers. Obviously this would be an expensive process where 
the number of different jobs made each day is large and almost 
of a non-repetitive nature. The usual way of determining the 
ratio of pounds of metal melted to pounds shipped is to classify 
all of the castings into groups according to weight, and then by 
weighing a number of jobs as poured and dividing the rough 
weight by the finished weight to determine for each group an 
average relation between the weight of the metal required to pour 
a casting and the weight of the casting as shipped. ‘This relation 
is known as the metal ratio. The trouble with this plan is that 
the ratio determined is an average for a group varying in size 
and characteristics. Some castings may require excessive gating, 
some nothing but the sprue, and some one or more risers. The 
ratio, therefore, will be high for some and low for others. Those 
having too high a ratio will be overpriced, and those having too 
low a ratio will be underpriced. It is readily seen that when 
the output favored the castings with the low ratio, the foundry 
would produce castings at a loss and vice versa. This makes it 
necessary to make a periodic adjustment of metal ratios, whereas 
in reality there is no reason why the metal ratio for the same 
casting should change. 

The example here given of the formula to determine metal 
ratios will explain how the above difficulties were overcome and 

295 
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how inaccuracies were corrected in a brass foundry. The number 
of different alloys used made the problem somewhat difficult, 
but after sufficient study was made, it was found possible to 
resolve the formula into the comparatively simple form given. 
In actual application, when over 800,000 pounds of miscellaneous 
castings were checked, this formula gave a value only 2,500 
pounds different from the actual or a difference of about three- 
tenths of 1 per cent, 


Formula O-4 No. 15. 
Aug. 1, 1925. 
Part: 
All alloy castings. 


Metal Ratio: 
See Master Chart. 
Application : 
This formula applies to the computation of all metal ratios for all castings 


made in section O-4 with the present equipment under the methods now 
used, 
Analysis: 

By “metal ratio” is meant the ratio of the number of pounds of metal 
charged into the furnaces to the number of pounds shipped. 

A certain amount of metal is lost during melting by oxidation. This 
amount has been determined by engineering tests in terms of per cent of 
metal charged. Between the furnaces and the mold, and during pouring, a 
certain amount of metal is spilled. The proportion of the amount spilled 
to the amount shipped was determined by- actually collecting and weighing 
the amount spilled during a period of a month. Spillage is greatest with 
white metal and smallest with copper. There is usually a small amount of 
metal left in each ladle after pouring, which is poured into chills and later 
remelted. The amount. of this metal was determined by weighing up a 
representative day’s chilled ingots. 

A certain amount of metal over and above the metal in the finished cast- 
ing must be poured into the mold to fill all gates, sprues, and risers. Gates 
provide passageway for the metal into the part of the mold which forms the 
casting from the sprue hole through which metal is poured into the mold. 
The metal in the sprue hole feeds down into the casting during cooling and 
tends to refill space left because of shrinkage. If the metal in the sprue hole 
is not sufficient, risers are added. 

The difference between the weight of the rough casting as it is shaken out 
from the mold and the shipping weight of the finished casting is called the 
excess weight. For a given alloy, the excess weight varies as the shipping 
weight of the finished casting and also as the area of the casting. For a 
casting of a given weight, if the area is large, the excess weight is large 
because a large amount of gating is required to run the metal to all parts 
of the casting. As the area decreases, the finished weight remaining the 
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same, the amount of gating needed and hence excess weight decreases. The 
excess weight is a minimum where only the sprue is required to run the metal 
into the casting. As the area decreases still further beyond this point, the 
casting becomes chunky. Risers are needed to care for shrinkage and hence 
the excess weight increases again. 

The ratio between shipping weight and area is what determines the effect 
of area on excess weight for any casting. 

In order to express the relation among the three variables, excess weight, 
shipping weight, and the ratio of shipping weight to area, it is convenient 
to use two interdependent curves. For castings of a constant weight and 
given alloy, excess weight is plotted against the ratio of shipping weight to 
area. Since the casting weight is held constant, this curve shows the effect 
of area only on excess weight. This curve (see upper curve, Plate 2) is some- 
what U-shaped. Excess weight is large where the weight is small in pro- 
portion to the area and decreases as this proportion increases. Finally the 
area becomes so small that the casting becomes chunky and requires risers 
and hence has greater excess weight. 

This U-shaped curve is to be used with a curve from which the effect of 
area has been eliminated in order to obtain true excess weights for any con- 
dition. The ordinate scale for the U-shaped curve is changed. The point 
at which the excess weight is a minimum is taken as one, the point where the 
minimum excess weight doubles as two, andsoon. Then dividing the excess 
weight of any casting by the factor read on the new scale for the proper 
ratio of shipping weight to area gives an excess weight from which the effect 
of area has been removed. Such points may be plotted against shipping 
weight, and the resulting curve gives the relation between shipping weight 
and excess weight, unaffected by area. 

To find the true excess weight for any casting, the excess weight read from 
the lower curve in Plate 2 is multiplied by the factor X read from the upper 
curve. The result is the true excess weight with both shipping weight and 
area considered. 

The same factor X curve may be used for all alloys. The curves found 
by dividing excess weight by factor X and plotting the result against shipping 
weight will be found to differ with the alloy. For instance, copper has a 
high shrinkage per inch and hence requires more excess metal to feed the 
casting during cooling than does alloy 4 with a lower shrinkage per inch. 

It was found that the curves for white metal, copper and alloy 6 differed 
from one another and from the curves for brass. It was also found that the 
curves for alloys 4, 5, 7, 8, 9, 26, and 31 coincide for castings weighing 18 
pounds or over but for smaller weights the curve for alloys 4 and 31 is some- 
what lower than that for the other alloys. 


Data: 

A number of representative castings for each alloy were weighed and 
measured before and after sawing and grinding. This gave the necessary 
data of rough weight, finished weight, and area. 

The amount of metal lost by oxidation was taken from cost department 
figures which were determined from actual tests. The amount poured back 
into chills was determined by actual weighing as was the amount of dross. 


298 TIME AND MOTION STUDY 


Synthesis: 
Let C = constant covering oxidation loss, amount poured back into 
chills, and dross. 
Fx = factor X (from upper curve, Plate 2). 
R = rough weight of casting when taken from mold. 
S = shipping weight. 
We = weight charged into furnace. 
X = true excess weight. 
Xc = excess weight (read from lower curve, Plate 2) with the effect 
of area eliminated. 


MICRA Roe a as ae mes £2) ae — +38) (a wont C 


To determine C, the constant percentage covering oxidation es amount 
poured back into chills and dross, 


+: 


let Po = per cent lost by oxidation of metal charged into furnace. 
Pc = per cent poured back into chills of rough weight. 
Pd = per cent dross figured from total dross divided by amount shipped. 


Assume that average metal ratio = 2.36. 


ay = per cent of rough weight + dross + amount poured back 


100 — Po 
into chills lost by oxidation. 
x00 = per cent of rough weight spilled and poured back 
Ae ae a) 


into aN 


100 — 100 — (Pe + = a 


Example for alloy 4: Po = 5.3. 
Pee— ORG: 
ts = 2.32. 
ene 100 
Substituting: C = 
100 ma = 5509 (10. 6+ e 2B) 


= 119.2 per cent, say 119 per cent. 


For. stock sticks poured in iron molds, the metal ratio is given by S X C 


For all other castings the formula eee + C is used. 


Master Chart: 


The master chart allows the computation of metal ratio for castings 
of all alloys within the limits of the curves. All curves are plotted on loga- 
rithmic cross-section paper to permit the use of the alignment chart principle. 

To compute a metal ratio, the procedure is as follows: Lay a straight-edge 
across the area and shipping weight scales above the factor X curve so that it 
intersects these scales at the area and weight of the casting under considera- 
tion. Where the straight-edge intersects the upper edge of the factor X 
curve read the ratio of shipping weight to area. Read the corresponding 
factor X from the curve, On the proper curve to the right read the excess 
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weight for the given shipping weight. These curves have all been increased 
by the percentage C' and hence give XcC of the metal-ratio equation direct. 
Connect by a straight-edge the factor X reading on the right-hand edge of 
the factor X curve with the excess weight reading on the left-hand edge of 
the other curve. Where the straight-edge intersects the vertical logarithmic 
scale, read the quantity FxXcC. Keeping this point on the vertical 
logarithmic scale, swing the straight-edge about this point until it intersects 
the right-hand edge of the factor X curve at the point corresponding to the 


shipping weight of the casting. Read on the left-hand edge of the other 


ee To this add the constant given in Table I. 


Xe i 
Hee. + C, or the metal ratio. 


curve the result of 


The result is the solution of the equation 


Charts I to V.—Charts I to V enable the finding of metal ratios direct 
without the necessity of going through the computations involved in the 
use of the Master Chart. 

The charts were constructed as follows: For each group of alloys, metal 
ratios for a number of different weights and area were worked out and 
tabulated as shown in the table for alloy 4, Plate 3. From this table lines of 
constant area were plotted for metal ratio against shipping weight as shown 
partially in Plate 4. From these curves, lines of constant metal ratio were 
plotted as shown on Charts I to V. 


Approved: 


Time-study Supervisor ‘Time-study Department 
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Factor X-Fy 


eae Shipping Weight 


rea 


Excess Weight-X¢ 


Shipping Weight-S 


PLATE 2, 
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AREA 


Alloy 4 


1.72)1. 64/1. 61/1. 60)1.67|1.74)1.87|1.99 
1.78)1.661.61)1. 60/1. 65)1.71/1.83)1.94 


1.81/1.66)1.61)1. 61/1. 66)1.73)1.82)1.96|2.08 


1.82)1.71)1. 62/1. 61)1. 61/1. 72)1.82)1. 90/2. 06/2. 20 


15 | 20 | 25 | 30 | 40 | 50 | 70 | 100| 125] 150 | 200 | 250 


1.70)1. 64/1. 61/1. 62/1. 64/1. 77/1.93)2.06|2. 18/2. 35/2. 46 
1.76)1. 66/1. 62/1. 62/1. 62/1. 73)1.88)2.00)2.17|2.27|2.39 
1.83)1. 69/1. 64)1. 62)1. 62/1. 68/1. 83)1.93)2.03)2.21/2.34 


1.701. 62/1. 63/1. 62)1. 68/1. 77|1.91/2.11/2. 23/2. 36/2. 52/2. 62 
1. 79/1. 66)1. 62)1. 62/1. 62/1. 69/1. 83)2.02)/2.14/2. 25/2. 43/2. 52 


1. 64/1. 64/1. 68/1. 77|1.85|2. 00/2. 15/2. 36/2. 562. 66/2. 74/2.86/2.93 
1.67|1. 64/1. 64/1. 71)1.79)1.93/2.05)2. 26/2.472. 562. 66/2. 79/2. 89 
1.72)1. 64/1. 64/1. 66/1. 72)1.86/1.97/2.17/2.35,2.52/2. 61/2. 752.83 
1. 79|1. 64/1. 63/1. 63|1. 67/1. 791. 89/2.082.32)2.45)2.54\2.67|2.76 
1, 85/1. 65/1. 63/1. 631. 65/1. 75/1. 85/2. 02/2. 25/2. 38\2.47/2. 62/2. 72 


1. 68/1. 65)1. 80)1. 93/2. 07/2. 19/2. 36/2. 49\2. 67/2. 83)/2.92/2.96/3.03/3.14 
1. 72/1. 64/1. 73/1. 86)1.98)2.09|2. 27/2. 39|2, 58/2. 76/2. 86/2.91/3.01/3.10 


1, 80)1. 64/1. 69/1. 80)1.90|2. 02/2. 20/2. 33/2, 53/2. 70/2. 80/2. 87/2.97/3.04 
1.87|1. 64/1. 64/1. 76/1. 85/1 .96)2. 13/2. 27|2.47|2. 65/2. 75/2. 83/2.94/3.01 


1.711. 72)2.07/2. 34/2. 52)2. 65/2. 762. 87/2.96/3. 10/3. 23/3. 27/3. 45 


1. 68)1.65)1.90|2.12|2. 32/2. 54/2. 64/2. 72/2. 81/2. 91/3.09/3. 17/3. 22/3. 36 


1.76|1.65)1.77|1.96)2.15)2, 29/2. 40|2. 69\2. 69/2. 56/2.97/3.03)3. 11/3. 21/3. 31 
1. 88|1.65)1. 72/1. 89/2. 04/2. 18/2. 31/2. 49|2. 61/2. 77/2. 89/2. 98/3. 03/3. 13/3. 23 


2.09/3.07/3. 51/3. 99/4. 09/4. 35/4. 52 


1.83)2.17/2.58)3.09/3.30/3.45)3, 55/3. 633. 763.88 


1.79/1.93)2.17|2.67|2.92/3.07/3.18)3. 26/3. 37/3.45)3.60 


1.941. 71]1.962. 41/2. 68/2. 85|2.96)3.09/3. 163. 253. 38/3. 54 


ro 
=) ra) 
re . 
10 
bt 
9 2 
[vo] 
ro) 
co us) 
= 
r=} 
4 Ce oney [eI 
3 
b Yon) 
Aw 19 
ANMROMOMOMOHNDCOCOOCOOOCOSCOCOCS 
SSOSCCHHANMMHHDORNWDBAONHODDSDNSOM W 


Sew ANN OH OD OD 


qyziem Zurddiyg 


PLATE 3.-—Metal ratio table computed from Master Chart. 


303 


FORMULA FOR METAL RATIO 


eas Eee Dap MS 
sbseaveees fet 


O14DY [DJ 


Puate 4.—Curves used for constructing Chart I. 
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CHAPTER XXXIII 
FORMULA FOR CHIP CASTINGS 


Formula Power General No. 1 is for the operation ‘‘chip 
castings.” After these castings are delivered to the machine 
and assembly shop from the foundry, they are machined, and 
quite often after machining, irregularities appear which can 
be corrected only by chipping with an air hammer. These 
castings are usually covered with scale or rust, which is also best 
removed by chipping. 

This operation was always considered a straight day-work 
operation because of the difficulty in estimating the time required 
to perform it. To add to the difficulties, the amount of chipping 
necessary was not constant on the same casting each time it 
came through the shop. Some method had to be developed 
which would take care of all of these difficulties satisfactorily. 
How this was accomplished is explained in the formula. It was 
considered impossible by several men not familiar with formula 
possibilities to compile a satisfactory formula for this work. 
After the data were collected and the formula finished, however, 
these same men were ready to admit their error and are now 
completely convinced on the formula method of establishing time 
values. This formula has made it possible to put the chipping 
work on an incentive basis. It has given greatly increased pro- 
duction, lower costs, higher earnings, and less labor turnover. 
While this formula is fairly simple in its finished state, the keen 
judgment and analytical ability required in its making is appar- 
ent. Work of this kind where the human element plays such a 
large part in its performance is usually the most difficult to 
formulate. 

Formula, Power General No. 1. 
Jan. 1, 1926. 
Part: 
Castings. 
Operation: 


Chip. 
309 
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Work Station: 
Floor. 


Allowed Time: 
0.3455 + SA + 0.46004 + 0.1955X + 0.0029Y + 0.0014Z + 
WH W 
GG) 
t Ww 
where A = see Table I. 
F = see Table II. 
G = number of grooved hub spiders chipped. 
L = length of part being chipped off in inches. 
S = number of square feet from which scale is chipped. 
T = thickness of part being chipped off in inches. 
t = see Table II. 
W = width of part being chipped off in inches. 
w = see Table II. 
X = number of times casting is turned over by crane. 
Y = number of inches of beveling to be done. 
Z = number of inches of filing to be done. 


Tasie I.—Cure ScALE 
Decimal Hours 


per 
Class Square Foot 
Sim Pleat. ehe shake ie Sessa welt eegea a ee OO be eee eee 0.0760 
A CcUhND 1 Sa eae MOR CLS ERAT Pah ce Ae Ah et mei e Cla in. mitre A 0.1150 
Complexisi25 sce aenaahe etn oem echo PI nea a a 0.2300 
TasLE I].—ReEMovE SEcTION By CHIPPING 

| t w | F 
Chip steel casting, depth less than 3 inch....| 0.0625 | 1.0 | 0.0115 
Chip steel casting, depth 33; inch ormore..... 0.200 0.25 0.0115 
Chip*all cast-iron castings)..........05..6-- 0.0625 Ies{@) 0.0072 
Application: 


This formula applies to all castings which require chipping in the power 
department as done with air hammer under present conditions. 
Analysis: 

Tools and equipment needed are: air hammer, air hose, chisels, one chisel 
about 2 feet long, one narrow chisel or gouge, several chisels } to 1 inch wide, 
one heavy flat file, one heavy rounded file, one wire and one soft brush, rule, 
and goggles. 

In Secs. A-11 and C-1 the operator gets card from clerk, then locates 


casting which is stored near machining sections, and gets crane which delivers 
casting to space allotted for chipping. 


7 : x Th Ww 
* Consider all fractions resulting from the division(+) and (=) as one. Example: 


a 
ied 15 Use 2: 


i) 
les 
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In B aisle, castings are brought to chipping space directly from machines 
to some extent so that it is not always necessary for operator to get casting. 
Work is initiated on order of foreman directly to operators. 

In D aisle, castings are usually chipped wherever they may be located 
after machining operations are completed. 

Similar castings will vary considerably in degree of smoothness, uniform- 
ity, and in temper of metal, so that there will be a consequent wide variation 
in time required to perform the chipping operations on them. This necessi- 
tates the construction of a formula that will compensate for the diversity 
of conditions existent in similar castings as well as for various classes of 
castings. 

This has been accomplished by basing the formula on a unit of cut so that 
a time value may be set that represents the time necessary for the actual 
amount of chipping to be done on each particular job. In order to counter- 
balance such castings as may be unusually hard in temper, 5 per cent has 
been added to selected value for a unit cut. 

As a further means of equalizing variations in quantity and quality of 
material removed from castings, the performance should be checked and 
operator paid on the 2-week pay period basis. That is, all work will be 
averaged up for a period of 2 weeks, and payment will be based on this 
average instead of on a per job basis. This spreading of time over 2 weeks 
permits basing payment on average conditions and thus represents an 
equitable method of payment. 

To allow for time spent in sharpening of chisels, 10 per cent is added to 
overall time on each job; 10 per cent being an average based on several 
studies covering a variety of conditions. _ 

In handling time, certain values are constant for all jobs. An allowance 
is made for getting time card, getting casting, getting tools ready, and wait- 
ing for crane to remove casting. 

These values are summed up as a constant for all jobs. This will apply 
to those jobs to which the operator may go in some other part of the section 
in which he works, for the allowance for crane time will compensate time 
necessary to gather tools and equipment and go to location of casting. 

All castings will not receive an equal amount of crane handling, so that 
the variable 0.1955X will allow for each crane move necessary during the 
chipping operations. Some castings will be chipped in original position as 
left by crane; others will require one to three turns depending on type of 
casting and kind of chipping that is to be done on it. The time-study man 
can readily determine the application of this variable when setting the time 
value on the job. 

Seale on castings will vary in amount both as to total area covered and 
brittleness or thickness of scale. Black brittle scale, in general, is the 
easiest to remove. In classifying castings for scale, the accessibility and 
expanse of area to be scaled are of primary consideration. Readily acces- 
sible parts which provide a broad surface are obviously more easily cleaned 
than parts difficult of access and those which are intricate in design pre- 
senting limited consecutive areas for scaling. Castings are, therefore, 
divided into simple, medium, and complex classes when considering chipping 
of scale. It would not be practical to attempt to classify it further on basis 
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of quality of scale, as that is not readily determined, and favorable conditions 
will equalize unfavorable conditions. 

Some operations in chipping, such as hand handling small castings and 
cleaning castings with air are not common to all jobs, but they are common 
to all operators. To avoid complexity in the formula, 5 per cent has been 
added to the overall time on all jobs to take care of such operations as are 
peculiar to certain castings and are not otherwise expressed in the formula. 

Where several small castings which may be transported by one crane 
move are on one time order, handling time will be allowed only once for the 
total number of castings on that order and not separately for each casting. 


Scale Classification : 


Simple: Smooth, accessible, broad surfaces, no narrow strips or corners 
to chip out. Example: frame. 

Medium: Comparative smooth and fairly accessible parts to scale. Area 
to be chipped rather smooth and broad if rather difficult of access. Easy 
of access if design is somewhat intricate. 

Complex: Narrow strips, pockets and parts difficult of access, or limited 
in area in proportion to intricacy of design. 


Procedure: 

Get time card, get casting with crane, place casting, chip risers, partings. 
rough spots, chip to fit, bevel edges, file edges, chip scale, chip out sand, turn 
casting by hand or wait for crane and turn casting, sharpen chisels, remove 
casting. 

TaBLE OF DETAILS 
Sym- Standard 


bol Operation Description Time Reference 

A Getitimezcard tata ceer eee ie 0.0810 Average S-5, S-1, S-2 

B Geticastine, tame een Tere 0.0918 Average S-1, S-1, S-18, 
S-5 

Cc Getpreadyarer rena iret eee OF ODG0 S-11, S-2 

DaeeBevelsbolessperan chee ne ee eae 0.0025 S-5, S-1 

Hie tile edzesspeninchanseerrree- ere 0.0012 S-7, S-1 

G Clean casting with air............. 0.0472 S-11, S-2 

Mig WW ittiGstorscrane wecera caer ee ene Oakes S-2, S-2 

Ngee Curnycastin c825 eee ae 0.0484 S-9, S-1 

T Wait for crane to remove casting... 0.0631 S-3, S-1 

W Chip sand in groove hub of spiders... 0.3525 S-6, S-2 

X Remove scale, per unit, simple...... 0.0666 Average S-3, S-4, S-9, 
S-4, S-6 

Y Remove scale, per unit, medium.... 0.1000 Average S-1, S-1, S-2, 
S-2 

Z Remove scale, per unit, complex.... 0.2000 Average S-9, S-3 

AML AION OWNS PARDONS: oosgqneocooseneas 0.0540 S-9, S-2 

Mime Chiprmetal sper aint tare ener 0.0095 S-12, S-2 

N1_ Place casting with hand hoist....... 0.0177 S-16, S-3 

R1 Move to opposite side of casting.... 0.0154 S-12, S-4 

S1 Set casting on bench by hand...... 0.0170 S-2, S-5 


T1 Turn casting over by hand......... 0.0075 S-2, S-5 
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TABLE oF DerraiLs.—(Continued) 


Sym- ; Standard 

bol Operation Description Time Reference 
W1 Clean hole-....: UE ee 0.0285 S-6, S-5 
A ea tapmeyebolt=t 1o0sesse.) 6st es. 0.0208 S-1, S-5 
B2 Set casting on floor by hand........ 0.0096 S-6, S-5 
C2 Wrap paper around machine....... 0.0439 S-16, S-5 
E2 Take paper off machine............ 0.0156 S-16, S-5 
H2 Separate two halves of casting...... 0.0437 S-11, S-5 . 
Synthesis: 


A+B+C+T = 0.0810 + 0.0918 + 0.0560 + 0.0631 = 0.2919 
say, 0.3000 = constant for H or handling time. 

M +N = 0.1218 + 0.0484 = 0.1702, say, 0.1700 = constant for each 
turning over of casting by crane during chipping operations. 

W + Al = 0.3525 + 0.0540 = 0.4065, say, 0.4000 = constant for clean- 
ing out groove in hub of spiders. 

In heavy chipping, a gouge or narrow rounded chisel will be used, as the 
resistance from the steel will be less per volume of cut than with a flat 
chisel. From study S-12 and S-2, on a 7s-inch riser, it was determined 
that an average cut was 0.2 by 0.25 inch. Then by computation it was 
determined that a cut 0.2 by 0.25 by 1 inch required 0.0095 decimal hour. 
This volume 0.2 by 0.25 by 1 inch is now a constant measure of cut for any 
chipping ;°s inch or greater in depth. To allow for cases of unusual hard- 
ness, where the time 0.0095 decimal hour would be inadequate, 5 per cent is 
added, making 0.0100 decimal hour the constant of time for a unit cut oa 
material ;°5 inch or greater in depth. 


The expression for this is : x os x LO0.0100. 


To interpret, Ae x ne < L0.0100, that is, 0.2 inch = constant of 


depth, 0.25 inch = constant of width, 0.0100 = constant of time for a unit 
cut on material 3; inch or greater in depth. 

When the depth of cut is less than 3 inch, that is, 7 or $ inch, a 
different constant must be used. 

By computation, it was determined that a cut 7s by 1 by 1 inch requires 
0.0100 decimal hour. Chipping twice as deep, or 4 inch, will require time 
in direct proportion to the increase in resistance due to increased depth of 
cut. Since the resistance is in direct proportion to the depth of cut, the 
time required will be in the same relation. 

Removing material greater in length and breadth will, obviously, require 
time in direct ratio to area of material removed. Then, since chipping 
off material greater in volume requires time in direct proportion to the volume 
removed, 7s by 1 by 1 inch is established as a constant unit of cut, and 
0.0100 decimal hour as a constant of time for all steel chipping 7g or § Inch 
in depth, 

W 


The expression for this is 2 x 7 < L0.0100. 
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To interpret, a oe x ui x L0.0100, that is 0.0625 = constant of 
depth, 1 inch = constant of width, and 0.0100 = constant of time for a 
unit cut. . 

TWL = volume of material removed. 

Basis for (=) (=) L0.0060 cast iron. 

It was found for cast iron that 0.0057 decimal hour is required to make a 
cut 0.0625 by 1 by 1 inch. To take care of cases of unusual hardness, 5 
per cent is added to selected value 0.0057, making it 0.0060 decimal hour, or 
a constant of time for a unit of cut 0.0625 by 1 by 1 inch. 

Then using 0.0625 inch or depth of unit cut, and 1 inch or width of unit . 
as constants, t will always = 0.0625 inch and w will always = 1 inch. 

Since it requires 0.0060 decimal hour to remove a unit of measure expressed 
by 0.0625 by 1 by 1 inch, it is logical to assume that the time required to chip 
additional amounts will increase in proportion to the increase in volume. 
This is substantiated by studies listed on chart. 

The expression for formula is . x _ x L0.0060. 


W 


To interpret, Avie L0.0060, that is, 0.0625. inch = constant of 


If 
” 0.0625 
depth, 1 inch = constant of width, and 0.0060 = constant of time for a unit 
cut. These constants are to be used on all depths of cast-iron chipping. 

TWL = volume of material to be removed. 

D = 0.0025 = constant for beveling around holes in cast-iron casting. 

E = 0.0012 = constant for filing chipped edges on cast-iron casting. 

The average time required to sharpen chisels on all studies is 10 per cent 
of the total time for each casting. Therefore, 10 per cent is added to the 
formula to allow for time required in sharpening chisels, and 5 per cent is 
added to total time to allow for minor operations not common to all jobs. 


Inspection: 

Castings should be as clean, free from scale, sand, rough spots or sharp pro- 
jections or irregularities in design as is consistent with shop practice. Chip- 
ping to fit should be in accordance with desired utility. 

Payment: 
Standard time on a 2-week pay period basis. 


Approved: 


Time-study Supervisor Time-study Department 


PART III 


ORGANIZING FOR TIME STUDY WORK, 
WAGE PAYMENT PLANS AND 
JOB ANALYSIS 


CHAPTER XXXIV 


ORGANIZING AND SUPERVISING A TIME-STUDY 
DEPARTMENT 


The magnitude of the problem of organizing a department for 
carrying on time-study work in a plant will depend largely on the 
size of the plant and on the length of time within which it is 
desired to have a fully developed department capable of handling 
all the time-study requirements for the entire plant. Small 
plants having less than several hundred persons engaged in pro- 
ductive work will doubtless find it more desirable to start out 
with but one well-chosen time-study man, who will be required 
to make his own place in the organization and develop his own 
detailed methods and system of records, guided by his previous 
experience and such available written matter on the subject as 
can be made applicable to his conditions. For the sake of 
uniformity, the discussion to follow on organizing and supervis- 
ing a time-study department will be based on the assumption 
that the plant or department of a plant is of sufficient size to 
warrant a force of at least a half-dozen time-study men under the 
supervision of a time-study foreman or supervisor. 

Qualifications of the Supervisor.—The first step to be taken 
by the management is to select the man to place in charge of the 
work. It is conceivable that a man without time-study experience 
could successfully develop a good organization, but, other things 
being equal, the experienced time-study man will undoubtedly 
do it much more easily. In addition to technical ability, he 
must know how to handle men of high caliber. 

The time-study supervisor must also be more than a good time- 
study man. He should be well grounded in the fundamentals of 
factory organization. He must understand. the functions and 
working principles of cost analysis, production scheduling, and 
planning, and he must be able to coordinate the work of his 
department with that of these just mentioned and other similar 
manufacturing activities. A thorough knowledge of the equip- 
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ment and manufacturing methods allied to the industry is also 
highly desirable, if not essential. He must have those personal 
qualities which command the respect and confidence not only of 
his own men but also of the rank and file of the line organization. 
He must be able to ‘‘sell” himself and his plans to the shop — 
executives and supervisors, and to see beyond his own immediate 
duties in connection with time-study work to those things which 
are for the general good of the whole plant. It should be one of 
the duties of the time-study supervisor to study and offer sug- 
gestions on plant and departmental layout of equipment and 
manufacturing facilities in general. 

Locating a Competent Man.—A very large plant, in which 
time-study work has been organized and is functioning in depart- 
ments other than the one which it is now desired to organize, 
will have a field of trained men to draw from and should have no 
great difficulty in selecting a supervisor for the new department. 
The small plant, however, in which no time-study work has been 
done previously, has a very different problem. It is hardly 
likely that there will be a man in the employ of the company who 
is fully qualified to handle the work. ‘There are several outside 
sources of supply, among which are: 

1. Other plants. 

2. Consulting engineering organizations. 

3. Technical schools. 

The three sources suggested above are, in the authors’ opinions, 
named in the order of their importance, although there are 
advantages and disadvantages in each. A man who has done 
successful time-study work in one or more other plants has the 
advantage of practical experience. He has been a part of a 
regular factory organization more or less permanently. He 
has had to make good on his merits, without any special assist- 
ance from the management, as is generally the case with members 
of consulting engineering concerns. The fees of the latter are 
generally rather high. The management, when retaining such 
people, expects quick results and therefore gives them special 
attention and support by instructing its regular organization 
to give full cooperation and assistance. Such men, therefore, 
are not so accustomed to meeting opposition from the rank and 
file. Men employed in other plants, however, have the dis- 
advantage of their experience being limited to one or, at best, a 
very few places, while the consulting engineer is more likely to 
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have a broader training in the methods and conditions of various 
industries. 

Recent graduates from technical schools from courses in factory 

‘management or industrial engineering would hardly be competent 

to handle the responsibilities of organizing and supervising time- 
study work even though their theoretical training might be 
adequate. Their lack of practical experience in handling men 
would generally be too much of a drawback. Many of the 
technical schools, however, keep in contact with their graduates 
located in the industries and are frequently able to recommend 
competent men who are available. Other ways of reaching the 
right men are through advertising in technical journals, by 
personal inquiry, or through the employment bureaus conducted 
by many of the engineering societies. 

Place in Organization.—The time-study supervisor, being in 
charge of a staff activity, should report to the executive head of 
the plant. To make him subordinate to the departmental 
executives would handicap him in his work, since it would be 
more difficult to secure the consent of the head of the department 
to changes in methods, equipment, or organization, which might, 
in the opinion of the department head, have a detrimental effect 
upon production, increase expense, or in some other way work 
to a temporary disadvantage. 

Establishing Policies.—Once the man to take charge of time- 
study work is selected, his first duty should be to work out and 
submit to the management for discussion and approval the 
general policies to be followed in carrying on the work. In 
doing this, the status of time-study men with respect to other 
supervisors in the organization should be considered. For 
instance, the relation between the inspection department and 
the time-study department should be established. The 
information and assistance that each can secure from the other 
should be clearly outlined, and instructions necessary to guaran- 
tee that this established relation will be maintained should be 
issued. The same thing should be done with regard to the 
planning, scheduling, cost accounting, time keeping, payroll, and 
all other departments or persons that will be influenced or aided 
by time-study work. 

Standardizing Methods.—It is well known that there are 
frequently a large number of ways of doing things to accomplish 
the same results. This may be said of time-study work, as of 
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many other things. There are but a few recognized time-study 
systems that are really different fundamentally, but there are 
countless slight variations in the ways that these systems 
are applied, depending, of course, upon the individuals who are 
applying them and upon local conditions in general. Some of 
these systems have been touched upon briefly elsewhere in this 
book, and each has its advantages and disadvantages. 

It will be the duty of the man in charge of time-study work to 
determine and establish the detailed methods that will be 
employed. He will decide upon and recommend to the manage- 
ment the fundamental time-study system to be used and then 
adapt it best to fit the peculiar local conditions of the plant. 
Instructions for standard procedure should be carefully drawn up 
in writing and approved. It will also be the duty of the time- 
study supervisor, in the absence of a constituted training plan, 
to see that the members of his force are properly instructed in 
this standard procedure. 

Establishing standard method of procedure calls for consid- 
eration of the method to be employed in reading the watch and 
of recording readings. For instance, shall it be the continuous 
method or the snap-back method, both of which are described 
and discussed in Chap. VIII? This also involves the question 
of the kind of watch to be used. Shall readings be recorded 
vertically or horizontally? One must give thought here to the 
design of the time-study form. 

Another point of prime importance is that of determining the 
standard and subsequently the allowed time. Shall it be by the 
leveling method, as fully discussed in Chap. XIII, or shall it be 
one of the several other conventional methods of earlier 
development? 

Some thought must be given as to how skill, effort, and working 
conditions are to be taken into consideration. A plan must be 
decided upon for taking care of allowances. Methods for record- 
ing and using information and data relative to the job must be 
determined. All of these and many other features of time-study 
procedure are discussed fully in Part I of this book. 

After determining standard procedure for time study proper, 
the question of using most advantageously the data so secured 
will arise. As previously pointed out, there are a great many 
advantages in establishing time values by means of formulas. 
If this practice is to be followed, detailed methods for formula 
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construction and application must be worked out, for which the 
reader is referred to Part II of this book. 

Forms and Equipment.—The most important of the necessary 
forms is the time-study sheet which should be designed, or adapted 
from existing designs, so as best to suit local conditions and the 
methods of procedure agreed upon. Other forms and equipment 
such as the watch and time-study board should be secured or 
made best to suit requirements. 

Personnel of Department.—As the building up of the force 
progresses, it will generally be found that there are places for two 
types of men; those who are to be strictly time-study men 
devoting their time to time-study observation and formula 
construction, and those who do the routine work of establishing 
time allowances from formula or time-study data. The average 
time-study department will also have sufficient clerical and steno- 
graphic work to justify the employment of a girl who can serve 
in such a capacity. 

Records and Systems.—It will be necessary to determine what 
records should be kept and how data shall be classified and most 
conveniently be made available for use. A routine for determin- 
ing and recording time allowances should be established. A 
relation should exist with the scheduling department so that the 
time-study man may know when time values are required, thus 
enabling him to plan his work to meet current demands and keep 
up to date. Someone must be designated to have charge of the 
reference files and the giving out of time allowances. This can 
generally be handled by the time clerk or by the clerk in the time- 
study department. A plan for keeping all original data and time 
studies properly classified and filed should be developed, keeping 
in mind the availability for reference. 


CHAPTER XXxXV 


STANDARDIZING TIME-STUDY METHODS AND TRAIN- 
ING TIME-STUDY MEN 


In general, wherever there is more than one person engaged in 
doing the same thing, there will be more than one method of 
doing it. The degree of difference may be small or great, depend- 
ing on the number of persons engaged. Quite often this differ- 
ence in method is a very good thing, especially in the case of 
something new, as each method will usually have some good 
features. Perfection is the result of considerable experimenting 
and the combining of ideas. There are, however, many cases 
where a difference in method does more harm than good, and 
such is the case in time-study work. Lack of standardization 
of methods in’ this line leads to inconsistency, which inevitably 
breeds suspicion and dissatisfaction. 

Reasons for Standardizing Time-study Methods.—Through- 
out this book, standardization has been repeatedly referred to as 
being highly desirable, if not actually essential. It is agreed 
that standard working conditions, standard materials, standard 
equipment, and standard methods of performing the work to be 
studied will aid greatly in making reliable and accurate time 
studies, to say nothing of the increased value of the studies them- 
selves for the purpose of comparison. If it is well to standardize 
the things to be studied, it should be readily apparent that it is 
also well to standardize the methods for making the studies and 
for carrying on time-study work in general. This is especially 
desirable in a large plant where a comparatively large number of 
time-study men are employed. In such a plant, the time-study 
organization is frequently divided into groups, each group looking 
after a separate department or division of the work. Leading 
each divisional group is one who is known as time-study foreman 
or time-study supervisor. Consistency and standardized methods 
are desirable between men in the same division and also between 
divisions. The men from one division should be able to talk in 
common terms to the men from another throughout the entire 
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works. As far as possible, they should be trained to use the same 
standards in judging what constitutes a given degree of effort, 
skill, or conditions. 

Standard Procedure.—In order to establish and to maintain 
standard time-study methods and in order to standardize judg- 
ment and knowledge in connection with time-study work, it is 
necessary to decide on and adopt one standard procedure which 
is to be followed at all times. This can best be done by a com- 
mittee consisting of from four to eight of the best time-study 
men in the organization. In smaller plants where only a few 
time-study men are employed on time-study work, all of them 
may be on the committee. This committee should decide on a 
procedure which will be written up and bound and distributed 
to the time-study supervisors to be used by them in deciding all 
questions and for instructing new men. 

The standard procedure write-up should. give the general 
principles of time study and the establishing of time values. 
It should give detailed instructions on how to make and work 
up a time study, and it should contain a table of allowances 
covering all conditions and explain how they were derived. 
The procedure to be followed in constructing a formula should 
be explained, including detailed instructions on how to make the 
formula write-up. The system of recording and filing time studies 
and formulas should be thoroughly explained. In writing up a 
standard procedure, this book will serve as an excellent guide. 
In fact, the standard procedure will contain the same informa- 
tion in the same order but in very much condensed form. 

Suggestions for improvement of time-study methods should 
be encouraged, but no change should be adopted nor any deviation 
alowed without the approval of the standardization committee. 
The committee should hold regular meetings to act on sugges- 
tions and to discuss the success with which the established pro- 
cedure is functioning. In case any change is adopted, no matter 
how slight, it should be done in an official manner, and all copies 
of established procedure should be corrected immediately. 

Maintaining Standardized Methods.—It is one thing to decide 
on standard methods of doing things and another to have them 
carried out. In small plants where only a few men are employed 
for time-study work, it is not so difficult to keep methods stand- 
ard, but the larger plants have more time-study men and there- 
fore have greater difficulty in maintaining uniform methods. 
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Standardization is best maintained in the larger plants by 
having regular meetings of all time-study foremen in which 
standard methods of procedure are discussed. In addition, 
each time-study foreman should call periodic meetings of the 
men under him in which he should pass on what was discussed 
at the meeting of the foremen. Such meetings keep alive the 
interest in maintaining standard methods, and they also serve 
to draw forth suggestions on ways of improving the standard 
procedure. 

Training New Time-study Men.—When new men are taken 
into the time-study department, it is essential that they be 
thoroughly trained in time-study methods and practices. The 
damage that can be done in a short space of time by an untrained 
man has already been pointed out, and no further elaboration 
is necessary. Since it usually requires several months to train 
a new time-study man properly, the advantages of having this 
training done at a centralized place and in a uniform manner by 
someone who is fitted for the work will be readily apparent. 

Without a training department, the entire responsibility of 
training new men rests upon the time-study foremen. Without 
reflections upon the ability of these men, it will be realized that 
such conditions will not permit the best results. In the first 
place, each foreman will be inclined to use his own methods and 
to follow no really standard procedure. His regular duties make 
it impossible for him to spend a great amount of time with the 
new man. Ordinarily, he places the recruit in the hands of one 
of his older experienced men, which means additional work for 
the older man, since the new man actually hinders him in the 
performance of his regular work. There is seldom a prearranged 
schedule, which condition results in many important points 
being slighted. Generalities.are dealt in to a great extent, and — 
troublesome and elusive details are left for the new man to 
discover and clear up as best he can. Instruction periods are 
likely to be irregular, and, in general, the new man does not 
clearly visualize his place in the organization nor exactly what is 
expected of him. 

Selecting the Instructor—When the need of centralized 
training is felt and it is desired to organize such an activity, 
certain definite preliminary steps are necessary. First, someone 
must be selected to take charge of the instruction work. He 
must, first of all, be an expert time-study man himself, and, 
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second, he must possess instructing ability to a marked degree. 
Whether he shall devote his entire time or only part time to the 
work must be dependent upon the size of the organization and 
the demand for his service. A small plant employing but a few 
time-study men would not be justified in having a man of the 
caliber required for this work doing nothing else. Under such 
conditions, the better plan is to select one of the best of the 
regular men and have him arrange a schedule to provide for a 
certain number of hours daily to be devoted to instruction work. 
A large plant, on the other hand, employing 50 or more time- 
study men, can well afford to have one man fully employed at 
this work. 

It has been found by experiment that work of this nature 
cannot be effectively handled according to classroom methods. 
The tutoring plan, however, has been found very satisfactory. 
It must be remembered that fairly high-grade men are being 
handled and they cannot be treated like school children. While 
aman might be reluctant to display his lack of training or other 
weaknesses in the presence of others, an instructor or tutor 
handling each individual case privately may have no difficulty 
whatever in awakening a genuine interest in the man’s mind. 
Much depends, of course, upon the personality and tact of the 
instructor. He must have the absolute confidence of the pupil, 
and to gain this, he must make the man feel that the details of 
what passes between them will be regarded as confidential. 

It should be understood that the detailed methods suggested 
herein are not offered as the best and only ones. Each individual 
instructor should use the methods which he can employ most 
effectively. This should serve as a guide, however, as regards 
the subjects taken up. Whatever the methods employed in 
teaching the details, the instructor must be sure that each detail 
is clearly understood by the pupil before going on to the next. 

It is essential that this training business be made a part of 
the day’s work and that a schedule be followed in order to insure 
covering the ground fully. The different subjects should be 
taken up in logical order, making sure that one is mastered 
before going on to the next. Instructor and pupil should “get 
on to common ground,” so to speak, avoiding anything that 
suggests the formality of school. 

Time-study Procedure.—Before asking the student actually 
to make time studies, it is suggested that Part I of this book, 
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which is virtually astandard time-study procedure, be thoroughly 
studied. This should be supplemented by personal instruction 
in the use of the watch. Its operation should be explained by 
actual demonstration, and accuracy in reading it should be 
checked by observation. 

After thoroughly reviewing the text and technical principles 
in connection with making time studies, an operation with which 
the student is familiar should be selected for practice studies. 
Ordinarily for the first study, the man should be thrown entirely 
on his own resources, from the analysis of the job and division 
into its elements to the observations and calculations. This 
is done primarily to discover just how much has been absorbed 
by the student from the written instructions. This first study 
should be criticized closely by the instructor, and all departures 
from recognized standard practice pointed out with suggestions 
for correction. 

In order to check accuracy of reading the watch, the instructor 
and the pupil-should each make a time study of the same opera- 
tion simultaneously. Both watches should be started at the 
same instant and the study continued over the same period. 
Assuming that the instructor’s study is nearly perfect, it may be 
used as a standard against which the other may be checked, 
reading for reading. A check of the elemental elapsed times 
will be better than a check of the watch readings, for a slight 
difference in starting the two watches.would introduce a constant 
error throughout the study equivalent to the amount of the 
difference and at no place would the readings coincide, even 
though the actual elapsed time might be the same. It can be 
seen from these studies whether the student reads ahead or behind 
the watch and whether or not he is consistent in his errors if such 
exist. All practice studies should be checked carefully until 
very little if any departure from standard procedure can be found. 
The ultimate good is not accomplished by merely calling a man’s 
errors to his attention. One should be sure that the pupil 
understands the correct way to overcome his errors. This 
should be continued until the instructor is satisfied that the 
student is able to make reliable time studies. 

Formulas.—When the man can make dependable time studies, 
a simple operation on a common line of work should be selected 
for the formula instruction. He should secure time studies on 
numerous sizes and kinds of pieces or classes of jobs under 
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varying conditions. Extreme as well as average jobs should be 
included when selecting work to be studied. Adverse as well as 
favorable conditions should be considered, and studies should 
not be confined to one operator if possible to get studies on others. 

When sufficient studies have been made, the instructor should 
personally assist the man in constructing the formula, step by 
step, in accordance with the principles of formula construction 
as described in Part II.of this book. The reason for each con- 
clusion should be fully explained and the influencing factors 
pointed out, as well as how those influences and their extent is 
determined. 

For this sample formula, the instructor should go through every 
step in order to be sure that the student hasa clear understanding, 
so that he can be depended upon later to make up reliable for- 
mulas without assistance. If aman is to beexpected todo things 
the same way each time, he must first be taught that one way in 
every particular. 

Conclusion.—Unlike industrial training methods frequently 
employed, in which men are required to attend lectures and group 
meetings for the discussion of subjects of general interest, each 
man’s case is given individual attention, and his greatest needs 
are emphasized most. This method of instruction is arranged so 
as to parallel the student’s daily work and yet not interfere with 
it. The general principles which have been adopted as standard 
practice are illustrated by applying them to the work and opera- 
tions in the specific department where the man is employed. 


CHAPTER XXXVI 
WAGE-PAYMENT PLANS 


Time values established by time study and formula should be 
applied under some incentive system of wage payment if they 
are to be used to the best advantage. Occasionally, time values 
are used merely for estimating purposes, and the work is done on 
the straight day-work basis. The value of such estimates is 
questionable, for the workman, lacking incentive, is not likely 
to meet the estimated time. These time values do, however, 
tell the foreman what he may expect in the way of production, 
but without an incentive system, considerable driving is neces- 
sary to get it. 

A number of good incentive plans have been devised, and it is 
beyond the limits of this book to examine the merits and demerits 
of each. They are all based on certain fundamental principles 
and vary only in minor details. It will be well, then, to examine 
the characteristics that a good incentive system should have and 

‘later to see just how several of these systems attempt to gain 
them. : 

Characteristics of an Incentive System.—To secure a reason- 
able effort on the part of the workers, the system under which 
they work must provide a reward in the form of increased earnings. 
In other words, as a man increases his production, his earnings 
must also increase. 

A new man learning a job or an older man working under 
adverse conditions will not be able to turn out what is recognized 
as an average amount of work. If his production falls con- 
siderably below normal and he is paid on a system similar to 
straight piece work, his earnings will suffer accordingly. If this 
continues for any length of time, the pay envelope will be seriously 
short. No man likes to work with the continual fear of his 
earnings falling far below average. The best incentive systems, 
therefore, provide a minimum guaranteed rate below which it is 
not possible to fall. This adds greatly to the feeling of security 
on the part of the worker, and it enables new men to earn a living 
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wage while learning the job without the necessity of establishing 
instruction periods as such. The guaranteed rate should be the 
recognized rate which is paid in the local industrial community 
for that class of work. This will make it possible to hire new men 
easily, and it will enable the supervisors to ask the man to work 
on a day-work basis at any time without penalizing him. He is 
hired at a rate which is recognized as being right for that class of 
work. Wherever possible, the management gives him a chance 
to increase his earnings under its incentive system, but when 
development and other jobs on which no time values can be 
established come along, the management has a perfect right to 
expect the man to do them at his guaranteed rate. Any system 
which uses a low guaranteed rate as a spur to greater efforts does 
not have the above very important feature. 

The system should be such that it is easy for a man to compute 
his earnings. Any involved system that the workman cannot 
understand tends to decrease the incentive offered. If the work- 
ings of the system are more or less mysterious and unfathomable 
to the worker, he tends to get the feeling that the management 
will pay what it likes regardless of what he does. He will 
realize, of course, that his earnings will increase with greater 
output, but if he does not know the manner in which they increase, 
he is likely to feel that the management is not paying him all that 
is coming to him. Systems where earnings increase in direct 
proportion to output are, therefore, more desirable than systems 
which make use of a sliding scale, although there are, of course, 
other points to be considered. 

Summing up, the main characteristics that every incentive 
system should have are a reward for increased effort, a minimum 
guaranteed rate, and understandableness. It will be well to 
examine several of the better-known incentive systems and see 
whether or not they have the above desirable characteristics. 

Piece-work Plan.—The straight piece-work plan was the first 
incentive system to be used. A worker is paid a definite amount 
of money for each piece produced, and his earnings are solely 
dependent on the amount of work he turns out. This system 
gives a reward in direct proportion to effort, and it is very easy to 
understand. It does not, however, guarantee a minimum wage, 
and hence the worker is severely penalized by adverse conditions. 
From a clerical standpoint, piece work is easy to apply as long 
as basic wage rates remain the same, but when they change, it is 
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necessary to revise every piece rate that was in effect. To over- 
come this disadvantage and also a certain bad psychological effect 
on the worker of having rates expressed in money, the 100 per 
cent premium plan was devised. This plan is identical in every 
respect to the piece-work system except that rates are expressed 
in time instead of cents. Thus, where under the piece-work 
system a man would produce 100 units at a piece-work rate of 1 
cent per unit, under the 100 per cent premium plan he would 
produce 100 units at, say, 1 minute per unit. In the first case 
the man would earn $1 and in the second, he would earn 100 
minutes. If his base rate were 60 cents per hour, in the second 
case he would also earn $1. The advantage of expressing rates 
in time instead of in money is readily apparent when it is realized 
that a unit of time is fixed regardless of prevailing wage scales. 
Therefore, in order to effect a change in earned rates in accordance 
with changing conditions, it is necessary to vary only the base 
rate of each worker. The established allowances on all jobs in 
the shop will remain constant as long as manufacturing condi- 
tions are unchanged. The vast saving of clerical labor ata time 
of change is obvious. Aside from this, the 100 per cent premium 
plan has no features, good or bad, not enjoyed by the piece-work 
system. 

Halsey Premium Plan.—The Halsey Premium Plan guarantees 
a minimum day rate and offers as an incentive a certain fraction 
of the amount of time saved by the worker from the allowed time. 
The system is easy to understand, and therefore has all of the 
characteristics of a good incentive system to a degree. The 
reason for giving the worker only a part of the time saved, gener- 
ally from one-third to one-half, is because it is felt that by increas- 
ing his production, he is using more power and is harder on tools, 
equipment, and the like. Since these are furnished by the 
employer, it is felt that he should have part of the time saved to 
compensate him for this additional expense. 

The guaranteed rate under this system is usually low, and it 
penalizes severely the worker who fails to better the allowed 
time. The low guaranteed rate also makes it hard to hire new 
men. Under this plan, the time values established are usually 
generous, and it is quite possible for the average workers to 
make double time. Thus the incentive offered is high. The 
fact that the worker gets only part of the time saved tends to 
prevent excessive earnings. Workers coming from other plants 
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where earnings vary directly with output are likely to feel that 
they are entitled to all of the time saved. This idea spread 
among the older workers is likely to lead to discontent. 

Taylor Differential Piece-rate Plan—Dr. Frederick W. 
Taylor devised a plan whereby the worker was paid a certain 
rate for each piece if he equaled or bettered a standard production 
and a much lower rate for each piece if he failed to do so. The 
production which was to be considered as a standard was care- 
fully determined by time study. This plan is exceptionally 
severe in its penalty when a worker fails to meet the required 
production, and conversely, it offers a high incentive to produce 
as much as. possible. It involves more clerical work at such 
times as it becomes necessary to revise rates than does the 
straight piece-work system and more clerical work in making up 
the payroll in everyday application. Aside from these features 
it differs little from the straight piece-work system in either good 
or bad points. 

Gantt Task and Bonus Plan.—The Gantt Task and Bonus Plan 
guarantees a minimum wage. It establishes by careful time 
study standard tasks. If the worker fails to perform the task 
in the allowed time, he is paid for the time he works at a fixed 
rate per hour. If the task is performed in the allowed time or 
less, a bonus in time is added to the allowed time all of which 
is multiplied by his rate. 

Standard Time System.—A variation of the Gantt Task and 
Bonus Plan is known as the Standard Time System, in which 
the worker is also paid his guaranteed rate when he fails to do 
the job in the allowed time or less. Ii he meets or betters the 
allowed time, he is paid for the number of hours he makes at a 
higher rate per hour. This plan then guarantees a minimum 
wage, it offers an incentive to increased effort by varying earn- 
ings directly with effort, and it is easy for the worker to compute 
his own earnings. Thus the plan has all of the essential charac- 
teristics of a good incentive plan. 

The difference between the low or day-work rate and the high 
rate may be made as great as is considered proper at the time the 
system is installed. If the difference is great, the incentive is 
high, but the worker is penalized heavily for failure to meet 
the allowed time, and hiring new men is difficult. If the differ- 
ence is small, the converse is true. Experience has proved, how- 
ever, that even if the high rate is but 10 per cent above the low, the 
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incentive is sufficient to spur the worker on to his best effort. 
At the same time, the difference is not so great that the worker 
suffers any great hardship if he fails to meet the allowed time for 
several days, and it is possible to ask him to work day work 
without penalizing him, provided that the day-work rate is the 
recognized rate for the class of work he is doing. ‘This plan has 
been very successful within the experience of the aah and 
appears to have few disadvantages. 

Other Systems.—The incentive plans discussed thus far have 
all given an increased reward in direct proportion to increased 
output, but under certain other systems, earnings and output do 
not vary according to this straight-line relation. The Emerson 
Efficiency Plan, for example, sets a certain standard of perform- 
ance and then gives a bonus based on the efficiency of the 
operator calculated by dividing time taken by time allowed. 
Below 60 per cent efficiency no bonus is given, and the operator 
receives only his guaranteed rate. Above 60 per cent, the bonus 
increases with efficiency according to a sliding scale which pro- 
vides increasingly high bonuses with each increment of increased 
output. Thus a high incentive is furnished, and the workers 
will generally produce as much or more just before quitting 
time as they do during the day, for they realize that they are 
receiving more and more for each additional unit they can turn 
out. Under this plan, the tendency to slow down just before the 
whistle blows is minimized. . 

The Rowan Plan provides increased earnings in just the oppo- 
site manner from the Emerson Efficiency Plan. The bonus paid 
is highest immediately after standard performance is met and 
becomes increasingly smaller for each additional increment of 
output. This is accomplished by computing the bonus by the 
formula, 


time allowed —time taken 
time allowed 


Bonus = 


As the time taken approaches zero, the bonus approaches 100 
per cent. Thus the worker’s earnings are limited to double his 
guaranteed rate and actually are always lower. Littleincentiveis 
offered for increased production shortly after standard perform- 
ance has been met. ‘This plan is not much used in this country, 
but has found favor in England where the idea of restricted 
output is so prevalent, 
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Figure 59 shows the way earnings increase with output for 
each of the plans mentioned above. These incentive plans are 
generally recognized as being the classics of their line, and all 
other systems are merely modifications of them. Hours are 
used as the basis when establishing standard performances in 
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Fie. 59.—Curves showing the way earnings increase with production under 
some of the recognized wage payment plans. x 


most incentive plans, although some industrial engineers have 
devised units of their own. A more complete discussion of 
wage-payment plans than is here advisable may be found in 
“Tndustrial Organization’ by Kimball, in the pamphlets 
brought out by the American Management Society in 1925, and 
in the writings of the devisers of the systems. 


CHAPTER XXXVII 
THE GROUP SYSTEM OF WAGE PAYMENT 


The results obtained from incentive systems have been remark- 
able, but there are, at the same time, some disadvantages which 
occur from having a number of workers concentrating only on 
their own individual production. Each worker realizes that 
he is paid only for what he produces, and it is but natural that 
he should strive to increase his own output, regardless of all 
else. He feels that he has no time to help out new men or to 
give a fellow worker a hand when he is in difficulties, and heis 
unwilling to spend time hunting lost material, doing a little 
extra work for which he is not paid directly but which will 
improve quality, speed up work as a whole, or help out the 
supervisory force. 

In order to correct such conditions, the group system of wage 
payment has been devised. That it has accomplished its pur- 
pose has been proved by successful application in many and 
varied lines of industry. The group system may be used with 
any good incentive plan. A complete exposition of the funda- 
mental principles upon which the group system is based, together 
with a discussion of its advantages and disadvantages, may serve 
to point out how the group system may be successfully applied 
to work which has previously been done on the individual basis. 

What the Group System Is.—When work is done under an 
incentive plan, each operation performed in the making of a 
piece of apparatus has either a time or a money allowance, 
depending upon the particular system used. The earnings of 
each worker depend directly upon what he produces. 

Assume that two workers of about the same degree of skill 
and working with the same effort work side by side on the same 
class of work. They notice that although they work in about 
the same manner, they do not produce equal amounts of work 
each day. One will produce more than the other, depending 
upon the conditions met with. One may run out of material, 
may be delayed by tool breakage, or may experience any of the 
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thousand and one delays which occur occasionally. The other 
man, in the meantime, is having a better run of luck, and he is 
able to produce more on that particular day. These two men, 
wishing to steady their daily earnings and to secure the fullest 
cooperation from each other, mutually agree to pool the work 
done by each and, at the end of each day, make an equal division 
of the total. These operators, then, have formed a group. 
This same agreement may be made among three, four, or any 
reasonable number of men. When a group is formed by the 
men themselves, however, the number of members of the group 
is generally kept small, for the arrangement usually calls for 
an equal division of earnings, and only men who are capable of 
producing nearly equal amounts of work are willing to band 
together. 

Groups formed by the men themselves occur in industry, but 
they are not common. Generally, workers on the same class of 
work possess different abilities, and the greater producer is not 
willing to enter into an agreement with the lesser producer. 
Rather, groups are organized by the management, anda payment 
system devised whereby each man shares in the earnings of the 
group in proportion to the amount of time he works in the 
group and—which is not done when the men themselves form 
the group—in proportion to his ability. 

A group, then, is a number of workers doing the same class of 
work who pool their entire output, and the method of distributing 
the earnings of the group among the workers is known as the 
group system of wage payment. 


ADVANTAGES OF THE GROUP SYSTEM 


Better Cooperation.—There is greater cooperation among men 
in a group than among individuals. Since everything that 
will aid in the completion of the work will mean more money for 
the group and hence for each man, the individual is willing to 
help his fellow workers whenever necessary. Tor instance, if a 
man needs help in lifting a heavy casting onto his work bench, he 
will get that help under the individual incentive system only 
when his neighbor has finished what he is doing and when it 
suits his convenience to give a hand. Help is given grudgingly, 
and there is continual wrangling between the men, particularly 
if they do not happen to like each other for personal reasons. 
In a group, one man willset personal feelings aside to help another 


336 TIME AND MOTION STUDY 


man willingly, because, by so doing, he knows that he is helping 
to increase his own earnings as well as those of the other man. 
This willingness to cooperate with one another increases with 
the length of time the group has been working together, until 
a group spirit is built up which will affect every man in the group. 

Lost time caused by waiting for a move man to bring more 
material, waiting for the tool room to grind tools, and other small 
delays which would cause the individual operator to lose time is 
practically eliminated under the group system. If the operator 
is forced to stop his own work for any reason, he will help another 
man in the group on another operation, or he will do some odd 
job which will aid the group as a whole. 

Again, one man will be more careful in performing an operation 
if he knows it will aid another man in performing the following 
operation. For example, one man milling a casting which is 
next to be drilled will try harder to remove all burrs so that the 
piece will fit smoothly into the drill-jig of the next man. If any 
burrs must be filed off, he will do it while his machine is making 
the next cut. Thus the drill-press operator can work steadily 
with no lost time. Such things, although small in themselves, 
amount to considerable time in the aggregate and will increase 
the overall group efficiency and consequent earnings to quite an 
appreciable extent. 

There are always some jobs in a given class of work which are 
not so desirable from the worker’s viewpoint as others. The 
work may be heavier or more complicated than the average, it 
may be more disagreeable, or it may be a short order which will 
not allow the worker to get into the swing of the work and thus 
work more efficiently and make higher earnings. No matter 
what the cause, if the job is undesirable, under the individual 
system, there is a tendency for the operator to shun it in the 
hope that eventually some other worker will do it. This makes 
it more difficult for the planning department to get such jobs 
through the shop, and often these orders are seriously delayed. 
A group, on the other hand, realizes that it will eventually do 
the job and that there is no particular advantage in setting it 
aside and favoring other work. Thus, the schedule clerk has 
merely to inform the group leader of when the job is wanted to 
be reasonably sure of getting it. This materially lessens the 
work of the planning department, and it tends to reduce the 
number of overdue orders. 
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Reduction of Supervision.—Many workers object to so much 
being spent for overhead, for they feel that they are supporting 
the so-called non-productive employees. This feeling is mini- 
mized under the group system, for the amount of supervision, 
and hence the size of the non-productive supervisory force is 
greatly reduced. The group leader is, in effect, made an assist- 
ant foreman. He is, however, in much closer contact with the 
men under him than the assistant foreman would be, for he 
generally has fewer men to handle, and he works side by side 
with his men. The group leader is personally interested in what 
his men produce, for their production affects hisearnings, while, as 
a rule, assistant foremen are paid on a fixed-salary basis independ- 
ent of production. 

The group leader gives instructions to his men and sees that 
they work properly. He makes certain that they are using the 
most efficient methods and that they interpret drawings and 
shop information properly. The foreman merely instructs the 
group leader in a general way, leaving to him the working out of 
the minor details. 

The size of the planning department is reduced by the group 
system. Instead of assigning jobs to each individual man, it 
tells the group leader what jobs are wanted next and leaves it 
to the group leader to get the jobs done. Obviously, it is easier 
for the planning department to deal with 10 group leaders each 
of whom supervises 9 men than it would be to deal with the 100 
men separately. 

Training New Men.—Under the group system, few instructors 
are needed. The group leader and the other men in the group all 
help to show the new man how to go about his work more effi- 
ciently. The new man tends to learn from members of the group 
in a shorter period than he would under an instructor, since they 
are in more constant contact with him. The older men realize 
that the sooner they break in the new man, the sooner they will 
get the full advantage of his efforts. The new man is anxious 
to show the group that he is capable of working with them; so he 
strives more earnestly to learn than he would under an instructor. 
The method of paying a new man so that the group does not 
have to bear the entire burden of the unproductive learning 
period is explained in a later paragraph. 

Reduces Non-productive Labor.—Under the group system, it 
is often possible to include in the group material handlers and 


338 TIME AND MOTION STUDY 


other service men so that they may share in the efforts and 
earnings of the group. For instance, suppose that one man is 
needed to bring materials to and remove finished work from a 
group of 10 men. By increasing all time allowances or piece 
rates applicable to the group by 10 per cent, it will be possible to 
include the move man in the group. His wages will then be 
taken out of the overhead expense and included in the productive 
labor. His earnings are affected by the group, and hence he 
will be more willing to help them as much as possible. The 
group leader will be quick to find simple jobs for him to do when 
he has no material-handling work to occupy him. In time, this 
man will be able to learn to do the harder jobs, and eventually 
he may be able to take his place in the group as a full-fledged 
artisan and, of course, will share in the earnings of the group to a 
greater extent. The service men, as a whole, will realize that 
they have a chance to improve themselves and get ahead, and it 
will be possible to get a better class of men to accept and keep 
such jobs. Labor turnover will be reduced, and at the same 
time, new skilled workers are constantly being developed. 

During the day, it is necessary for an individual worker to 
spend some little time in making trips to the storeroom, tool 
room, timekeeper’s office, production office, and drawing file, 
often several times a day. The time spent by 10 individuals in 
one day on such trips will amount to a surprising total. 

In a group, the group leader does most of this, and he is able 
to plan so that only one trip is necessary where four or five were 
made before. If three men will need tools within the next hour, 
the group leader can get them in one trip. Where atime slip is 
handed in each day, the group leader will take the slips for the 
whole group to the time keeper in one trip. With trip time 
reduced, production time is increased, the individual workers 
can earn more, and the cost of production is reduced. 

More Accurate Costs.—Under the individual system where the 
worker is guaranteed a minimum day wage regardless of what he 
produces, for various reasons, he often adjusts his time among 
the different orders upon which he has worked. This tends to 
give inaccurate costs. Under the group system, this adjustment 
of time is not possible. The group does not turn in time against 
any one job but merely the number of hours worked by the group 
during the pay period. They are paid on what they actually 
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produce as taken from the shipping report of the inspector who 
handles the work of the group. 

Advantageous to Time-study Department.—aAs a rule, the 
group leader is a man of somewhat higher mental caliber than 
the other men in the group. In most cases, that was one of the 
deciding factors in selecting him for the job. He is better able to 
reason and is more able to realize the soundness of arguments 
which are presented to him. Thus the time-study department 
finds it easier to deal with him. 

The other men in the group deal with the time-study man 
through the group leader. If they have any complaint to make 
about the job allowances, they bring it tothegroupleader. Often 
it goes no further, for the group leader is able to explain just 
what the reasons are for certain things which may appear to be 
puzzling on the surface. On the other hand, if the group leader 
feels that they have reason to complain, he takes up the matter 
with the time-study department, not on the spur of the moment, 
but after carefully weighing the merits of the case. The group 
leader knows that if the time-study men are in the wrong, they 
will be the first to admit it, and if not, that they will go over the 
matter willingly and try to straighten his mind on the point. 
Such a condition promotes harmony and close cooperation 
between the men and the time-study department. Calm analytical 
discussion promotes understanding just as surely as blind 
heated controversy kills it. 

The actual work of making time studies is also made easier, for 
there is confidence between the group leader and his men and 
between the group leader and the time-study man. ‘The group 
leader is constantly looking after the interests of the group. 
If extra work must be done for some special reason, he does not 
hesitate to bring it to the attention of the time-study man. The 
time-study man does his part in seeing that such cases are handled 
in the proper manner; that is, he either allows a special value to 
cover the extra work if that value can be determined intelligently, 
or allows them to do the extra work as day work. 

Simplifies Costing.—Where actual costs are determined on 
every job that goes through the shop, a very large cost staff is 
required under the individual system. Each man that works 
on a job turns in an individual time slip on that job. When the 
job is completed, all the time slips are assembled. The amount 
paid each worker on each time slip is found by multiplying the 
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time earned or the number of pieces made, as the case may be, 
by each individual rate. The total of these amounts gives the 
actual labor cost of the job. If the job comes through the shop 
later and is worked on by different men at different rates, the 
actual cost will be different. If a breakdown occurs while the 
job is being made and the worker neglects to turn in an extra 
time slip covering the delay, the job will be charged with the 
time lost, while in reality it does not deserve this charge. ‘Thus 
costing under the individual system is complex, inconsistent, and 
inaccurate. 

Under the group system, the cost is computed from the average 
wage rate of the group multiplied by the total time allowance 
for the job. This makes a very simple method of costing. 
Unless the personnel of the group changes or unless there is an 
increase or reduction of wage rates in the group, the cost of 
making the job will be the same every time it goes through the 
shop. Minor breakdowns are not charged against any one job 
but are distributed over all jobs. 

Simplifies Timekeeping.—Timekeeping is made much easier 
under the group system. Hach man turns in only one time slip 
a day. On it are his name, check number, group number, and 
the amount of time worked. Theamount of time earned is figured 
from the shipping report of either the section or the group as made 
out by the inspector. Thus the timekeeper has only as many 
time slips to handle each day as there are men in the group. 

There is another method which is often used and which amounts 
to practically the same thing. The group leader turns in a slip 
for each job completed. This slip is O.K.’d by the foreman and 
the inspector and constitutes the shipping report. The total 
time for the pay period spent by each man in the group is turned 
in by the group leader on the form shown in Fig. 60. This time 
is checked against the attendance report. Whether the time 
worked is turned in on separate slips and the shipping report on 
one sheet or the time worked on one sheet and the shipments on 
separate slips matters little. The amount earned is figured 
from the number of pieces shipped times the appropriate time 
values of job rates. 

Under the individual system a time slip is turned in on each 
job worked. The amount earned must be figured on each individ- 
ual time slip. If a worker is turning out a number of short 
orders, he may hand in as many as 20 time slips during the day. 
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The much greater amount of clerical work that is necessary is 
readily apparent. 

Quality of Product Is Improved.— Where incentive systems are 
in effect, it is often stated that quality is sacrificed for the sake of 
production. Whether it is or not is largely dependent upon the 
standards set up by the inspection department and the strictness, 
with which they are maintained. For a given set of conditions, 
however, quality is improved by the installation of the group 
system. There is not the tendency to slight work either with 
the hope that it will not be traced to the responsible person or 
with the idea that someone else will do it later. The group as a 
whole is directly responsible for the quality of work produced. 
If one man in the group slights part of the work, another must 
make it up, and thus no one gains anything. 

The group leader will try to divide up the work so that each 
man will always be doing the same kind of work. ‘This tends to 
develop specialists within the group, and specialists will, because 
of their superior skill, turn out a better quality of work. 

Very often a group working on assembly work or performing a 
number of operations on the same part takes a pride in its work 
which an individual does not. The individual does one or two 
operations on a piece and then loses sight of it. The group sees 
the work from the time it starts work on it until the time it is 
ready to ship it out. Quite naturally, it takes more interest in 
turning out a good job. A word of commendation from the 
management now and then to the group leader and other inter- 
ested parties will tend to stimulate this pride of workmanship. 

Checking Simplified.—Checking the production of the individ- 
ual operator to see that he has actually done all that he turns in 
time for is no small task. Under the group system, it is not 
necessary to check each operation except in the case of groups 
that perform only one operation. The completed product 
as it is shipped from the group is all that need be checked. The 
number of checkers needed is reduced, and another item in the 
overhead expense is cut down. 

Men Work More Conscientiously.— Each man inagroup knows 
that the others expect him to work conscientiously, and he 
expects them to do the same. He realizes the justice of this, 
for he knows how he would feel if he saw another man in the 
group standing by in idleness while he was working. 
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Where work flows through a group, each worker performing an 
operation upon it and then passing it on to the next, each man 
feels that he is a sort of link in the chain of production. He 
realizes that his absence will retard the flow of work on that 
particular day. He knows not only that he will lose what he 
might have earned that day but also that his bonus for the pay 
will be reduced because the group on that day was less efficient. 
For this reason and out of consideration for his fellow workers, 
a man working in this kind of group tends to be more regular 
in attendance. 

Wages Are Fairly Distributed.—The earnings of the group are 
pooled for a given pay period and are then distributed among 
the members of the group. The share which each individual 
receives is dependent upon two factors: first, the number of hours 
that he worked in the group during the pay period and, second, 
his value to the company. This latter is determined by his skill, 
length of service, attitude, intelligence, and general make-up. 
Thus each man receives payment in proportion to his value to 
the company. It is often said that the more skilled worker who 
ean produce a large amount of work is working for the less skilled 
members of the group. The skilled man may produce the equiv- 
alent of a bonus of 50 per cent while others less skilled produce 
only 10 per cent but each at the end of the pay receives a bonus of 
20 per cent.. This is true, but the larger producer will have an 
hourly rate considerably higher than the other men and will 
draw a much larger pay. If the group as a whole exerts itself so 
that it increases its earned bonus to 25 per cent, the man with the 
higher rate earns more in proportion than the other men. Thus, 
it is justifiable to expect him to produce more than the other men. 

An exaggerated numerical case may serve to show this more 
clearly. Assume that two men are working as a group and that 
one has an hourly rate of $1 while the other’s rate is but half that. 
If, at the end of a pay period, they have earned a 10 per cent 
bonus, the first man will be paid at the hourly rate of $1.10 and 
the second will get 55 cents. Then if, by an increased effort, 
they earn for the next pay period a bonus of 20 per cent, the first 
man will receive $1.20 per hour and the second 60 cents. The 
first man receives an increase which is twice that of the second 
man, and it is but just that his increased effort should be twice 
that of the other man. Thus the better man is not working for 
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the poorer, but each is receiving just remuneration for what he 
produces. 

Wages Do Not Fluctuate Greatly.— Wages from pay to pay are 
more nearly constant under the group system. When aman is 
working as an individual, a hard job or unusual delays may 
retard him so much as seriously to affect his wages at the end of 
the pay. Minor delays, small breakdowns, and a general run of 
hard luck may come all at once, and the fact that the next pay 
may be large due to a reversed situation does not make the slim 
envelope look any fatter. Under the group system, earnings 
are more nearly constant. Where one has bad luck, another has 
good luck, and the average of the group will be very nearly the 
same from one pay to the next. The worker is able to tell just 
about what he can count on, and he is able to plan ahead. If he 
wants to buy a house and pay for it in a series of payments, he 
can do so without the fear of the nearly complete absorption of 
a slim pay by the month’s instalment. 

The skilled worker, especially, appreciates the benefits of this 
steady wage. As an individual, when there is plenty of ordinary 
work, he is able to make large earnings. When a particularly 
hard job comes through, however, or when a new job must be 
developed on day work, because he is skilled, he usually is called 
upon. Such a condition cannot exist under the group system. 
The hard jobs and the easy jobs are pooled together, and the 
same bonus is earned by all. The better man with the higher 
rate gets the higher earnings regardless of whether or not he did 
all the mean and day-work jobs of the group. 

Assured a Steady Flow of Work.—Most good workers like to 
work steadily all day long without undue delays. When jobs 
are given out to individuals by the foreman, the worker often 
runs out of work because the foreman, either through carelessness 
or in the rush of his work, has neglected to plan ahead. The 
worker must hunt up the foreman before he can go ahead. Often 
the foreman is busy or is off in another part of the shop, and the 
man must stand around in idleness for some little time. Obvi- 
ously the worker does not wish to do this when he is paid for 
what he produces. 

Under the group system, this does not occur, for the group 
leader whose own earnings are tied up with those of the group is 
very careful to see that each man is working to the best advan- 
tage and that he has plenty of work ahead of him. 
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Man Gets Work for Which He Is Best Fitted.—Everyone 
likes to do that which he can do well. When a man is working 
in a group, he is assured of getting the jobs he can do best, for 
his efficiency affects the group’s efficiency. The group leader 
plans this very carefully, and since he is close to both the man 
and the work, he is able to give out jobs to the best advantage. 

System of Promotion Is Provided.—An ambitious man, work- 
ing on the floor of a shop often feels that he is a mere link in the 
chain of production and that any particular merit which he may 
have will not be recognized. Too often this is true where there 
is no organized plan for finding and promoting men. 

In a group, the man realizes that one of his fellow workers has 
been recognized and made group leader. This shows him that 
the management is interested in men as individuals. He also 
knows, whether he expresses it in so many words or not, that no 
man can remain stationary but must either progress or go back. 
Thus the present group leader will either be promoted to a posi- 
tion of greater responsibility, be demoted, or be separated from 
the job from some outside cause. There will be an opening, an 
opportunity for a step ahead, and the man, being ambitious, will 
have previously demonstrated his ability. If he gets the job, 
he is satisfied that he has a chance to better himself and will try 
all the harder to fit himself for further advancement. If he 
does not get it, he will probably be able to find out why not, and 
if for any reason other than sheer incapability, he will be ready 
to work all the harder so that when the chance comes he will not 
be found wanting. 

Working Environment Made More Pleasant.—Many times 
a man dreads going to his work each day simply because he is 
working in an unfriendly environment. Friendliness may be 
decidedly lacking where each man is striving individually to 
produce all that he can. If the man is weak physically, he may 
be imposed on and bullied by his fellow workers. They may 
grab all the best jobs, crowd him out at the tool-room window, 
and generally make things very unpleasant. 

All this is changed under the group system. A group, as 
soon as it is organized, becomes in a manner a team. Each 
member realizes that he must cooperate with every other member 
if he is to benefit to the fullest extent. As the group becomes 
older, this perfunctory cooperation ripens into a real group 
spirit. Each member has a friendly feeling towards the others, 
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which is often carried outside the working hours. Instead of 
the bitter competition that existed between the individual 
workers, there is only a spirit of friendly rivalry to see who can 
produce the most and the best work. Each is ready to commend 
a good effort on the part of a fellow worker and is in turn made 
glad when he receives commendation. Such an atmosphere 
cannot help but make working hours more pleasant. 


DISADVANTAGES OF THE GROUP SYSTEM 


Against all of these advantages, there are some disadvantages 
in the group system, and these also must be thoroughly discussed 
and clearly understood before one can intelligently pass on the 
merits or demerits of the group system.. 

Hard to Care for Incomplete Jobs.—It is harder to handle jobs 
which are not completed at the close of a pay period. Ordinarily, 
_ the group should so plan its work that there are no incompleted 
jobs upon which some work has been done at the end of the pay. 
Since the group is paid on the basis of shipments of finished work, 
they do not get paid for work which has been done on only 
partially finished jobs. Such jobs will be finished up during the 
next pay period, and the group will receive pay for the whole job 
at the end of that pay period. ‘Thus incompleted jobs have the 
effect of making the bonus slightly lower for one pay than is 
actually made and slightly higher for the next pay. The average 
of the two pays is the same as if all jobs had been completed at 
the end of each pay. The percentage of incompleted jobs is 
generally small, so that this disadvantage is slight. 

No Check on Allowances on Individual Jobs.—Under the 
individual system, it is comparatively easy to get a check on any 
allowance—time or money—on any particular job. If there 
has been no ‘‘time juggling,’ both the number of hours worked 
and the number of hours or cents made will be shown on the time 
slip for the job. 

Under the group system, there is no way of checking an indi- 
vidual job other than timing the worker while he is doing it. 
It is not often necessary, however, to check allowances, and if 
it is really necessary, the watch will give a much closer check than 
the time slip. 

No Check on Individual Efficiency.—It is not difficult to 
check the efficiency of one worker working on an individual 
basis. His earned bonuses will be an exact index of his working 
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efficiency. When the same man is working in a group, his 
individual output is absorbed in the output of the group and is 
lost sight of. The only check which may be had is that obtained 
by observation and the opinion of others. 

Sometimes Hard to Find Right Man for Group Leader.—It is 
not always possible, when organizing a new group, to find just 
exactly the type of man that makes a good group leader. This, 
while not a disadvantage of the group system itself, is a difficulty 
sometimes encountered. It is generally possible to find someone 
who is capable of handling the group at least temporarily, and a 
little careful search will generally bring to light a man who has 
the desired capabilities. Indeed, it often proves that the man 
who was thought to be unsatisfactory and who was given the 
job only temporarily turns out to be a satisfactory group leader. 
The chance which he has to show what he can do often spurs him 
to efforts of which he was not thought capable. This perform- 
ance, coupled with a change of attitude which greater responsi- 
bilities often produce, makes a first-class group leader of one 
who was thought to be but a follower. 

Smothers Initiative and Self-reliance.—It may be said that 
working in a group tends to smother the initiative of the 
individual. It may smother the initiative of those who never had 
much to start with and such initiative as would be shown only 
under the most favorable circumstances. On the other hand, it 
has been shown how the individual feels that he is less unnoticed 
when working in a group and that he has a chance to advance 
to the position of group leader. Surely such a feeling would 
enhance rather than smother initiative. 

Exceptional Ability Is Penalized.—It may also be stated that 
the exceptional ability of the highly skilled worker is penalized 
when he must work in a group, and that he is working hard and 
producing a lot for the other less skilled men. This would be 
true if the rates of all the men in the group were the same regard- 
less of ability. Such is not the case, however, and it has already 
been shown how highly skiiled workers are rewarded for their 
exceptional ability by receiving more in proportion of the group 
earnings than the less skilled man. 

Class of Work Where Group System is Applicable.—There 
has been much discussion as to the feasibility of applying the 
group system to different kinds of work. In the opinion of some, 
the group system is limited to assembly work of a standard nature 
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where a constant sequence of operation is followed. ‘This, 
however, is erroneous. The group system, of course, will work 
better on some lines of work than others, but: this is also true of 
the individual system. 

The kind of work that is best fitted for the group system is 
the making of some standard part or apparatus upon which a 
definite number of operations are always performed in the same 
sequence. This condition permits an exceptionally efficient 
layout, for the work may be divided so that each operator performs 
one elemental operation. Since the operator does only a small 
part of the job, he becomes highly specialized and proportionally 
more efficient, making it possible for him to produce more with 
less fatigue. Although it is recognized that the group system is 
best adapted to assembly work on standard apparatus, the 
advantages are by no means confined to this kind of work. 

It can be truthfully said that the group system can be 
applied to any work where it is practical to use an incentive 
system, with such exceptions as very large machine tools and 
work where only one operator is required to turn out the total 
desired output. In fact, the group system makes it possible to 
establish incentive systems which will not be feasible under the 
individual system on such labor as storeroom crews, material- 
handling crews, furnace crews in foundries, and the like. 

The group system has been used to advantage on a number of 
the same kind of machine tools doing work of a varied and mis- 
cellaneous nature and has brought ‘about an equality on this 
kind of work which would be almost impossible under the 
individual system. It can be successfully applied to a number of 
milling machines, lathes, boring mills, planers, drill presses, 
grinders, or any other kind of machine. 

It is often the case that, because of expansion, new machines 
are added to the plant equipment. These machines, because of 
improved design and sturdier construction, are able to operate at 
higher feeds and speeds than the old machines. Where the plant 
is doing a large amount of miscellaneous work, it is hard, if not 
impossible, to control the flow of work to each individual machine. 
Even if it were possible to control the flow of work, it would not 
always be possible to do a given job on the same machine every 
time it came through, for that particular machine might be 
scheduled with work for some time to come. The control of 
such a condition requires a great deal of supervision, and it is 
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often necessary to call the time-study department in on the same 
job several times. If these machines are placed in a group, it is 
possible to determine the proportion of work which may be 
done by each machine, and a weighted average of feeds and 
speeds can be worked out. As aresult, although the new machines 
will be able to do considerably better than the established time, 
the older machines may not quite meet the time. Asagroup, the 
machines will be able to better the established time, and hence 
the operators will be able to earn a bonus if they work to good 
advantage. 

It must be remembered that, as has been previously said, it 
would not be advantageous to group a number of very large 
machines where the number of jobs handled are few and the time 
allowed for one piece is large. 

Some examples of work where the group system has been 
successfully and advantageously applied are foundry molding 
(bench, machine, and floor), core making, foundry furnace work, 
casting cleaning, assembly and fitting work (standard and 
miscellaneous), coil winding, painting, switchboard wiring, 
storeroom work, laboring-crew work, material handling, packing 
and crating, loading cars for shipment, machine-group work, 
storeroom and maintenance work. 

Size of the Group.—The success of a group is by no means 
independent of its size. In general, it is true that the smaller 
the group, the better is the fellowship and cooperation between 
the members of the group, but this may be carried too far. 
Experience has shown that when the work is not scattered over a 
large area, groups composed of as many as 15 members work very 
smoothly and efficiently. Thus it may be said that as a general 
rule the size of the group should not exceed 15 men, but varying 
conditions will provide many exceptions. 

On an assembly which is divided into 20 separate operations, 

each of which requires different tools, equipment, and materials 
-and each of which is dependent on one or more preceding 
operations, the group should consist of 20 men. In this case, it 
would not be wise to decide that 20 operators are too many and 
that the group ought to be split up into two groups. If this 
were done and each group did half the work on the assembly, it 
is quite probable that the group doing the first half of the work 
would not give the other group proper consideration. ‘The first 
group might purposely forget that by doing their part of the 
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work correctly, they could make it easier for the second group 
to do their share of the work. Rather they would be likely 
to slight their work as much as possible, knowing that the second 
group must do what they have left undone in order to complete 
the assembly. If two separate groups were formed where, by 
each man doing two operations, each group performs the com- 
pleted assembly, there would be a duplication of tools and equip- 
ment, and it is quite likely that an unfriendly rivalry would exist 
between the two groups, each wishing to get the better tools and 
material. In this case, it is obviously best to include all 
the operators in one group, and on work of this kind, a group of 
this size or even larger will not prove unwieldy. 

In the cleaning department of a large brass foundry, a group of 
35 men was organized and has been operating successfully for 
3 years. It was not practicable to try to divide the work up into 
separate divisions. Cooperation was needed between all the 
men so that help would readily be given in handling the heavier 
work. The group members automatically see that each man 
works steadily, and since the work is comparatively simple, 
the need for instruction and close supervision of new men is not 
great. 

In a machining department, a group of 25 milling machines 
was formed, 15 horizontal and 10 vertical. All the horizontal 
machines were located together physically, and all the vertical 
machines were similarly grouped, but the two groups of machines 
were separated by some drill presses.’ The men on the horizontal 
millers could not see the men on the vertical machines and vice 
versa. The group leader had a hard time keeping in touch with 
all of his men. The number of jobs handled each day was large, 
and the group leader was able only with the greatest difficulty 
to keep each man at work and give necessary help and instruction. 
The group efficiency hovered around 105 per cent pay after pay, 
although apparently it should have been at least 130 per cent. 
After a thorough investigation of conditions, it was decided 
that the group was too large and too widely scattered. Accord- 
ingly the horizontal machines were formed into one group and the 
vertical machines into another. The next pay each group made 
about 120 per cent and have since gradually worked up to 130 
per cent, sometimes even going as high as 135 per cent. 

The minimum size of a group is, of course, two, and in some 
cases, it is desirable to form a group of this size. Where only two 
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men are needed to do a particular class of work, and where by 
working together they can work more efficiently than by working 
alone, the formation of a group is advisable. 

Organizing the Group.—The initial recommendation for the 
organization of a group may come from one of several sources. 
The suggestion may come from the foreman, general foreman, 
superintendent, or the time-study man, or it may originate with 
the men themselves. As a rule, such recommendations are 
made by the time-study department as part of their regular 
line of work. The recommendation is usually made because 
it is felt that some of the advantages previously discussed will be 
realized. When the advisability of forming a group has been 
recognized by all concerned, the next step is to do the actual 
organizing. . 

The first and probably the hardest task in organizing is the 
selection of a suitable man for group leader. This is done by 
the superintendent, foreman, and the head of the time-study 
department. It is sometimes necessary to go outside the 
department to find a man who has the necessary qualifications 
for group leader. If there is no man suitable among the opera- 
tors who will compose the group, men doing similar work in 
other departments must be considered. If it is at all possible, 
the group leader should be chosen from the men in the group. 
Not only is he sure to be more familiar with the details of the 
work, but also the psychological effect on the other men is better. 
If they see one of their fellow workers promoted, they will feel 
that they too will be considered when any change is made. 

The desirable qualifications for a group leader are many, and 
it is probably impossible to find one man in whom they are all 
combined. First, the group leader should be reasonably familiar 
with the work the group is to do. He should be something of 
an instructor, for he trains all new men coming into the group. 
He also should be able to give help and information to the older 
men on any difficulty that may occur. The group leader super- 
vises the group and is held accountable for the conduct of all 
of the members. He should be able to recognize what each 
individual is best fitted for and place him accordingly. He 
should be able to interpret drawings and manufacturing infor- 
mation correctly. It is desirable that he have planning ability, 
for he orders all supplies and tools and assigns all jobs to each 
individual in the group. He must keep work ahead of each 
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man and be certain that it is such work as the man can do. 
The ability to write legibly and to do simple arithmetic is also 
important, for the group leader turns in all time and shipping 
reports for the group and generally, if at all interested in his work, 
keeps a record of group earnings as a check against possible mis- 
takes in the payroll division. The group leader should have a 
sense of responsibility, for he is held responsible both by the 
company and the members of the group for the quality and 
quantity of the output produced. Last, and perhaps most 
important, he should be a leader of men, one who can inspire 
confidence and gain cooperation. He should have a good under- 
standing of human nature so that he may know what to expect 
from his men. He should never take advantage of his position 
as group leader but should devote all time not otherwise occupied 
to actual production. 

After the group leader has been selected, the next step, that 
of picking the members of the group, is comparatively easy. It 
is decided, usually by the time-study department, what operations 
are to be done by the group. Those operators who have previ- 
ously been doing this work are those who in the future will 
compose the group. 

The last step, that of completing the paper work attendant to 
and securing the approvals necessary for the formation of the 
group, varies somewhat with different company organizations. 
For the sake of clearness, it will be best to take one definite 
example of organization procedure and follow that through. 
The procedure followed by the Westinghouse Electric and 
Manufacturing Company has been chosen for that purpose. 
An incentive system known as “standard time” is used. 
Standard-time values are set on all jobs when such values may 
be intelligently determined. Each operator has two rates: a 
day-work rate at which he is paid for day work or work where 
he fails to meet the allowed-time value, and a higher standard- 
time rate at which he is paid if he meets or betters the established 
value. 

After the details of the formation of a group have been worked 
out, a formal recommendation for the organization of the group 
is made to the group committee on the form shown in Fig. 61. 
Copies of the recommendation are sent to the superintendent of 
the time-study department, the rate and occupation committee, 
and the works accountant. The form on which the reeommenda- 
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GROUP COMMITTEE— 
organization 
We recommend the 


This group will perform such work as: 
Assemble Shunts, magnets, relays and details. 


Personnel, details of rates, etc., are as follows: 
Section aes ok 


Group rent orcs eet ee 
Title Shunts, magnets, relays, & details. 


Fred Henderson(Gr.Ld. 
Alfred G. Cline 
George Baldi 
Katherine Faulkner 
Cecelia Purbish 
Helen Daugherty 
Bertha Rose 

Rachel Schulte 
Katherine Hipnarowski 
Jennie Johnson 

Minnie Ullum 


Supervision Rate........ 
General Foreman..\. K War 
Dept. Accountant. Ca, Sette 


Foreman Rate Sette men hari 
Superinendens 1, 7A ene ; 


GormacxXkrecoom) Rates of this Group 


The total of the individual 
Day Work (Std. Time) 


4.44..........per Hr. 
Rate & Occupation Committe; 


Approved:{ Works Accountant 
Rate Department 


shall not exceed. . 


(This form must be type-written) 


Fria. 61.—Group organization sheet. 
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tion is made shows the section in which the work will be done, the 
number by which the group will be identified, and the title which 
indicates the kind of work the group will do, together with all 
necessary information about the members of the group such as 
name, check number, occupation, job number, the job class, 
day-work rate, and the maximum rate allowed for that class of 
work. The total day-work rates should not exceed the total 
of the maximum allowed rates. 

If the group is approved, the recommendation is signed by the 
chairman of the rate and occupation committee, the works 
accountant, and the superintendent of the time-study department. 
One copy of the recommendation is kept on file in the office of 
the superintendent of the time-study department, one copy is 
returned to the departmental time-study foreman, and one copy 
is sent to the departmental accountant. 

After approval has been given for the organization of the group, 
new rate cards are made out for each individual in the group, 
showing him to be a member of the group and giving his occupa- 
tion, job number, class, and fixed rate. These cards are approved 
by the foreman, general foreman, superintendent, time-study 
foreman, and rate and occupation committee. These cards, 
regularly approved, will identify each operator as a member of 
the group. The group is now organized and officially recognized, 
and time values for the work to be done in the group are marked 
accordingly. 

Reporting Completed Work and Time.—The form shown in 
Fig. 60 is the group time slip and is made out by the group leader 
as shown. The check numbers and names of all members who 
worked during the current pay period are recorded, and opposite 
the date, the number of hours each worked in the group. This 
time slip is turned over to the timekeeper at the end of each pay 
period. The payroll clerk uses this record of the group time in 
distributing the time allowed for the work done in the group. 

As work is completed and shipped by the group, the group 
leader makes out what amounts to a shipping report. This he 
does as shown in Fig. 62 if the job is a standard-time job. These 
slips are turned in to the time clerk who posts the number of 
pieces completed against the number required, and checks 
the time allowed for the operation. The slips are then turned 
over to the payroll clerk who multiplies on each slip the number of 
pieces completed by the time allowed for each piece and extends 
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the total allowed time in the space provided. At the end of the 
pay period, all of the time slips are collected and a grand total 
of all of the total allowed times is computed. This grand total 
is known as the total allowed time for shipments made by the 
group, and it is distributed among the group, a certain amount 
for each hour worked in the group. 


Material ed. 
Material Wanted ...._________ 
Material Promired. 


PART PATT. DIE OR MOULD 
lao 616 


OPR’N No 


\I¢2 


Fia. 62.—Report of a completed standard time job. 


All of the work done by the group may not have a time allow- 
ance. On such work as repair, experimental, development 
special, and the like, it is difficult intelligently to establish 
correct and consistent time allowances, and these jobs are usually 
done as day work. The group is paid for the time actually taken 
at the fixed day-work rate. The time-study man and the foreman 
decide whether or not a job is to be done as day work. If itis, 
the time taken is approved by them as shown in Fig. 63 before 
being accepted by the time department. Day-work hours in 
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the group are distributed among the members of the group in the 
same manner as standard-time hours. 

Distribution of Group Earnings.—The group distribution sheet 
is shown in Fig. 64. On this sheet is figured the proportion in 
which group earnings are to be distributed among the members 
of the group. Figure 64 shows a complete example of distribu- 


Material, = td 
Material Wamted —........-.---ssoesesmecnmen 
Material Promised______. 


WORKMAN OR GROUP NO. pea 
= CLAD 
STYLE OR ORDER NO. Dwa OA SPEC. ITEM NO. 
DES O 8 


PATT. Olf OR MOULD 


penal 


(QUANTITY THIS SHIPM 


MONTH 


ENT) 
[ res. | or. | 
rasan eval a ees 
eae Se 
Bea 
Cee eS EP 
ene rae 
Al | 
Po A) aaa 
RES be: 
Sd eee 
none LPT lo 
SAE PS (| 


SECTION 


Forr@an 


> 
3 
3 
Zz 
° 
< 
ni 
iz 


Fic. 63.—Report of a completed day work job. 


tion among the operators who worked during the pay, as shown 
on the time slip in Fig. 60. The number of hours done on the 
day-work basis are totaled, and this amount, 30 hours, is noted 
in the space provided under Summary of Details marked Hours 
Worked Day Work. The total number of hours worked in the 
group, 1139.25, as taken from the group time report and checked 
against the attendance records, is placed under the heading Total 
Hours in the Group. This amount divided into the hours worked 
day work gives the percentage of time worked day work and is 
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recorded as shown. The total allowed standard-time hours for 
shipments, or 1481.04, is recorded under Standard-time Hours 


GROUP EARNINGS—STANDARD TIME SYSTEM 
Group TitleShunts, Mgts., Relays & Details. 
Group] Nose ses Lee Sect. F-12 Pay Ending 7-31-25 


SUMMARY OF DETAILS 


Hours Worked ‘Day Work” 


Total Hours in Group 


Standard Time Hours for Shipments Made 


Hours worked “Standard Time” - 


A 
a jac INDIVIOUAL EARNINGS 

2 |91/107 pas} : g1| 44/70 

| 5 hoo] _| 2 |79|103) 93 | 48/65 

15 |104| 3| 2 les 96| 53/60 

32 |113] 2| 2 [91[ 107 1]05| 58/10 

39 [113] 2 2 1/05] 58/10 


2 BSE 96 | 

2 a 58 
134 2 {a} 0s. 109 
183 | 96 2 Ee | 80] 
86 113 2 14 


Amounts marked > Must Balance. 
Amounts marked + Must Balanoo. 
Amounts marked %& Must Balance. 
Column “Earnings for Work Done Outside Group” Includes O. T. Bonus, Supervision, Inst: Period, Etc. 


Earnings for “Day Work” in Group 
lours worked “Day Work” 


Earnings for “Standard Time” in Group 
Standard Time hours for shipments made 


Include O. T. Bonus, Supervision and Instruction Period Before Dividing. 


Average Earned Rate 
Per “DW” hour | Per “S.T.” hour 


= Average earned rate per “DW” hour 


= Average earned rate per “S.T.”’ hour 


Fria. 64.—Group earnings sheet showing details of distribution. 


for Shipments Made. The number of Hours Worked Standard 
time is equal to the Total Hours in the Group less the Hours 
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Worked Day Work, or 1139.25 — 30.00 equals 1109.25. Then 
1481.04 divided by 1109.25 multiplied by 100 will give 133.52, 
the standard-time efficiency of the group. The day-work per- 
centage gives the proportion of the hours that each operator 
worked in the group for which he is to be paid at his day-work 
rate. The standard-time percentage multiplied by the hours 
worked standard time will give the number of hours each operator 
is to be paid for at his standard-time rate. 

Under the heading Details of Distribution the actual earnings 
of each group member are computed. The columns under this 
heading in Fig. 64 have been lettered to facilitate reference. 
In column A is placed the operator’s check number. No names 
are given, as it is desired to keep the form as compact as possible. 
Column B shows the checkboard hours or the number of working 
hours each operator was present at the plant. Column C—hours 
outside group—shows the number of hours the operator worked 
outside the group. This may be either standard time or day- 
work hours. The difference between columns B and C gives 
the total number of hours worked in the group. This is recorded 
in column D. In column £ is placed the product of column D 
and the day-work percentage. This distributes the day work 
done by the group among the members in proportion to. the 
number of hours each worked in the group. The sum of the day- 
work hours recorded in column # must equal the total Hours 
Worked Day Work as shown under Summary of Details. 

The number of hours worked standard time is found by 
subtracting column F from column D and is noted in column F. 
The hours worked standard time multiplied by the standard-time 
efficiency gives the number of hours to be paid for at the standard- 
time rate. In order to check the accuracy of all computations, 
the sum of the hours recorded in columns # and F must balance 
with the totals shown in the lower half of the Summary of 
Details as indicated by the guiding markers. 

In columns H and J are recorded the two rates of each operator, 
the fixed day-work rate and the higher standard-time rate. The 
amount to be paid for day work in the group is recorded in column 
J and is found by multiplying column E by column H. Simi- 
larly, column C multiplied by column J gives the standard-time 
earnings shown in column K. The amount earned for work 
done outside the group is computed elsewhere, and only the total 
is recorded on the distribution sheet under column L. The 
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sum of columns J, K, L, shown in column M, is the total amount 
in dollars and cents earned by each operator in the group for the 
pay period. 

Overtime in the Group.—If any member of the group works 
overtime on group work, all that he produces is credited to the 
group, and the number of hours actually worked is charged 
against it. The operator who works overtime is given, in addi- 
tion to his share of the regular group earnings, one-half of his 
fixed day-work rate multiplied by the number of hours worked 
overtime. This is the equivalent of the “time and a half”’ paid 
individual workers for all overtime work. 

The New Employee.—It is very important to handle the new 
man in a group in such a way that his presence does not affect the 
group efficiency. It is also very important that each man in the 
group understands how the new man is taken care of, or else 
the older men will feel that they are working for the new man 
while he is learning. 

The new man should be allowed to work day work the first two 
or three days after he joins a group. None of his time will be 
charged against the group, but they will receive the benefit of 
all of his work. During the first day or so, the new man will have 
to ask many questions, receive many instructions, and in general 
get acclimated to his new surroundings. During this period he 
will produce just about enough to compensate for the time lost 
by members of the group in helping him along. 

The time-study man and the foreman should keep watch of the 
new man and should estimate his efficiency periodically, the length 
of the periods depending upon the speed with which the job can 
be learned. After the first two days at day work, observation 
will show that the man is about say 25 per cent efficient. Then 
all of the man’s output will be credited to the group and 20 per 
cent of his time will be charged against the group. This will 
mean that the man is contributing to the group earnings in about 
the same proportion as the other members of the group. The 
remaining 80 per cent of the man’s time is paid for at day work, 
charged off in the overhead in the learner’s account. 

As the man becomes more efficient and produces more, the 
percentage of his time which is charged against the group is 
increased, always keeping this percentage slightly below the 
estimated actual efficiency of the man. His estimated efficiency 
should be about as much higher than the time charged to the 
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group as the average bonus earned by the group. In this way, 
the new man can be introduced into the group without affecting 
the group earnings. 

The new man is anxious to increase his efficiency so that he 
can share full time in the earnings of the group as soon as possible. 
The group is anxious to have the man learn as quickly as pos- 
sible so that he will be able to contribute a full day’s output for 
a full day’s work. This mutual desire towards the same end 
will serve to make the learning period of the new man very short. 
The amount of day work which will be charged to the learner’s 
account will be much less than if the man were learning under an 


Fic, 65.—Typical group at work assembling auto-starters. 


instructor, and the instructor’s salary is entirely saved. Thus 
the group system enables the breaking in or training of new men 
in the minimum time at a minimum expense with little or no 
disturbance to the other employees. 

Conclusion.—After the group has been organized and has 
been in operation for a while, little further attention need be given 
it. A glance at the standard-time efficiency recorded on the 
group distribution sheet will serve to tell the supervisory force 
how the group is functioning. If earnings are normal and fluctu- 
ate little from pay to pay, no further supervision is necessary. 
An abnormally low or high efficiency will at once flag the attention 
of the supervisors, and. the conditions which caused this change 
may be immediately investigated. 
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New group sheets should be made out periodically in order to 
assure that the record of group personnel is kept up to date. 
New sheets should also be made out whenever the rate of any 
operator is changed. Such a change will affect the average group 
rate and hence the billing rate used by the cost department for 
work done by the group. 

If there are a number of groups working together in the same 
department, it is desirable that they work together in harmony, 
especially where the supply material of one group is the finished 
product of another. Cooperation will be increased by periodic 
meetings of all group leaders in the department. This meeting 
is presided over by the foreman. The group leaders have an 
opportunity to make criticisms and suggestions in open meeting, 
and many of their daily problems may be discussed and solved. 
When the men in each group are working together and when 
there is a spirit of cooperation among the groups themselves, 
internal friction has been reduced to a minimum. 


CHAPTER XXXVIII 
JOB ANALYSIS AND CLASSIFICATION OF WORK 


It will be well before closing to say a word about job analysis 
and classification of work. Because of his constant analytical 
study of all work in his department, the time-study man will 
be of great assistance in analyzing all jobs and classifying them 
properly. He is familiar at the outset with the qualifications 
necessary to handle any work coming under his jurisdiction, 
and since he and all other time-study men in the plant are work- 
ing under standardized methods, the analyses furnished by the 
time-study department as a whole should be very nearly the 
same for similar types of work. The value of these standardized 
analyses in classifying work should be readily apparent. 

The heading up of job analysis and classification of work may 
well be delegated to someone in the time-study department or 
to someone who has had time-study training. The analytical 
viewpoint developed by a time-study man will be a great asset 
in carrying on this most important work. 

Job Analysis.—Job analysis is the process by which the data 
significant to a job are uncovered for arrangement into some 
compact summary form. It is the method, and not the result, 
of auditing individual jobs. In plants where no job analysis 
has been made, it is not uncommon to find two men working on 
similar jobs receiving widely different rates of pay. When such 
a condition becomes known to the lower-paid man, it cannot help 
but cause active dissatisfaction. It is one of the aims of job 
analysis to uncover such conditions with a view to correcting 
them. 

A concise analysis of a job in the hands of the employment 
supervisor will enable him to pick a man suited for the work. 
Without the analysis, the only hiring specifications that the 
employment supervisor has are those which he notes mentally 
in his trips about the plant. Such specifications are from their 
very nature anything but definite and exact. On the other 
hand, job specifications established after careful analysis furnish 
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a definite means of placing the right man on the right job and 
serve, more than anything else, towards eliminating the misfit in 
industry. 

Job analysis also serves to point out unfavorable working con- 
ditions and goes hand in hand with the efforts of the time-study 
man to bring about a pleasant working environment. A calm 
analytical survey of any job will bring to light poor conditions 
and accident hazards which may easily escape notice in the 
hurry of getting out everyday production. Where poor condi- 
tions are discovered, they should not merely be noted, but active 
steps should be taken towards their elimination. 

Functions of Job Analysis.—One of the chief functions of job 
analysis is to determine the standard occupations in the plant. 
By occupation is meant the general nature of the work to be 
done. It should be clearly designated by a descriptive name such 
as “painter,” “tinsmith,” or “pipe fitter.” Names which are 
in common use in other plants should be chosen in order to 
enable the employment supervisor easily to determine what line 
of work a new applicant has been doing. 

Each occupation should be subdivided into operations, and the 
operation should denote the specific process to be performed. 
Under the occupation of painter might be given such operations 
as “paint with spray gun,” “‘ varnish,” and ‘‘maintenance work.” 
The operation may be still further subdivided into jobs which 
give the specific process applied to certain parts in a given 
department. ‘The operation “paint with spray gun” under the 
general occupation of “painter”? might have listed under it 
such definite jobs as ‘‘paint sheet-iron controller cabinets”’ or 
“paint motor brackets and end bells.’”’ Thus all jobs in each 
occupation are clearly analyzed. 

Job analysis further leads to the classification of jobs in 
accordance to their relative value in industry. It makes possible 
the establishment of definite wage rates in proportion. to the 
value of the work being done, thus bringing about satisfactory 
methods of compensation. It divorces the consideration of 
possible earned rates under an incentive system when bargaining 
with a man for a job. 

Standardizing Occupations.—The general occupations which 
occur in the plant should first be listed and combined under 
standardized names so that there will be no duplication. A list 
of the occupations in each department may be obtained through 
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the combined efforts of the time-study man and the foreman in 
that department. They will together go over the work of the 
department and classify it into occupations. 

These occupation lists from each department should then be 
gone over by the man who is heading the work of making the 
job analysis. He should strive to classify and list under stand- 
ard names all the occupations set forth thereon. In cases of 
doubt, he should go back to the department concerned and ascer- 
tain just what was meant by a particular occupation name. . In 
this way, he will eventually arrive at a condensed list which will 
contain every occupation which exists in the plant. In large 
plants doing a varied line of work, this list may contain all but 
the most specialized occupations, while in smaller, more stand- 
ardized plants, the list will be fairly short. 

As has been mentioned before, occupation names that are 
common throughout the district should be used wherever possible 
as an aid to the employment supervisor. Standard names also 
should be used so that supervisors and workmen in the various 
plant departments will have a common understanding of what’ 
is meant. 

Description of Occupations.—After all occupations have been 
determined and listed, each should be thoroughly studied and 
should be described in clear concise terms. These descriptions 
will aid in clearing up any ambiguity which may be left by a 
rather general occupation name. These descriptions should be 
given in a standard manner and may take the following form. 


COPPERSMITH 


Duties.—Manufacture or repair and coppersmith work of any character 
and for any purpose. 

Qualifications.—Must be experienced in all phases of coppersmith work 
and able to work to drawings, sketches, or samples and layout, and form 
from sheet copper such articles as copper kettles, funnels, copper pipes, and 
pipes and fittings for gas ejector equipment. Must be skilled in bending, 
shaping, and fitting pipes for high-pressure steam, water, or other purposes. 
Must also be capable of tipping wooden parts with sheet metal, soldering 
joints in copper wire, and repairing gas tanks and radiators. Must be 
thoroughly familiar with cutting patterns from drawings and with the use 
of proper fluxes in brazing, and must be skilled in the use of brazing furnaces 
or gasoline blow torches. Must also be familiar with working other metals, 
such as brass and sheet aluminum. Should have had similar experience in 
railroad or industrial shop. Sheet-metal worker, tinsmith, 
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TURRET LATHE 


Duties.—Operation of standard types of modern turret lathes on all classes 
of work. 

' Qualifications.—Must be able to work to drawings and figure dimensions 
and be acquainted with proper lathe and cutting speeds for different classes 
of work and materials. Must understand thoroughly bar and chuck work, 
forming, and production of varied and intricate pieces. Must be familiar 
with Warner and Swasey, Jones and Lamson, Pratt and Whitney, and 
Gisholt type of turret lathes, and be skilled in setting up machine, mounting 
irregular-shaped pieces, and operations on any type of work. Should 
understand setting tools and stops. Should be thoroughly experienced 
in the use of calipers, micrometers, snap, plug, and limit gages and should 
be able to turn out accurate work. Should have had experience on this 
class of work in large manufacturing plant, machine-tool factory, or general 
machine shop. Lathe operator, boring-mill operator, automatic-screw 
machine operator. 


Advantages of Job Analysis.—As a result of job analysis, 
executives, foremen, and workmen are caused to think seriously 
and systematically about jobs and the possibilities of better 
working conditions. When a foreman has analyzed and definitely 
noted the characteristics of and requirements for a particular 
job, he no longer fills it blindly but examines intelligently the 
suitability of the men the employment department sends to him. 

A closer relationship is established between the working force 
and the. executives, which lessens the likelihood of disagreement. 
The workers realize that the management is taking a minute 
interest in every job, and they do not feel lost or buried from 
sight. Thus an intelligent attitude on the part of the working 
force is encouraged. 

There is no doubt that the workman is benefited by job analysis. 
Not only is the man placed on the job for which he is well fitted, 
but information and suggestions can be given to new employees 
with a definiteness not hitherto possible. A basis for efficiency 
ratings is established for the older employees, and increased 
compensation as they become more valuable on the job is made 
definite and certain. The foreman knows just what the job is 
worth and never feels that he has to hold back a raise for fear 
that he is paying more than the recognized rate for the class of 
work being done. 

A definite line of promotion is established within the depart- 
ment. As each job has been thoroughly analyzed, it is easy to 
trace just how experience on one job fits one for promotion to a 
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job requiring superior ability and hence commanding more pay. 
An intelligent material-handler about machines will learn by 
_ observation how to run a simple broaching machine. Experience 
on running a simple machine tool of this sort will lead him on 
by successive steps to plain boring-mill work and turret-lathe 
operation, and eventually he will be able to perform work satis- 
factorily on an engine lathe. A new source of semiskilled and 
skilled labor is thus made apparent to the foreman, and he will 
search his own department carefully before going afield to fill an 
opening. Jobs are graded with greater ease according to their 
maximum desirability or according to the amount of skill required. 
These definite lines of promotion within a department do as 
much as any one thing towards holding the better and more 
ambitious men, especially among the lower classes of work. 

Demands for better working conditions are definite and are 
not subject to whim and immature judgment. Job analysis 
points out possibilities along these lines, and common sense 
promotes action. 

Standard Form of Job Specification.—Practically every plant 
that has conducted a thorough job analysis has devised its own 
form for recording job specifications. It is beyond the aims of 
this chapter to analyze and discuss a number of these forms. 
Rather it will suffice to give a few of the principal characteristics 
such a form should possess, with one concrete example. 

The job specification card should .show in detail the exact 
nature of the job. Reference to this card should enable anyone 
familiar with manufacturing practices to visualize the manner of 
work described thereon. The card should also give a definite 
list of the characteristics required of the worker on the job. It 
should list sex, age, experience, strength, height, and other points 
which are important on that particular job. 

All of this information should be listed as concisely as possible. 
The card shown in Figs. 66 and 67 is designed to give this concise- 
ness and also to enable the noting of the job specifications and 
requirements with a minimum amount of clerical labor. Only 
those items which are particularly applicable to the job under 
consideration are filled in. Initiative is desirable on any job, 
but where it is not required to a marked degree, the “‘initiative’”’ 
square should not be checked. One side of the card gives a 
description of the job, and the other side lists the necessary 
attributes of the operator for that job. A generous space is 
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provided for noting any exceptional features. The items listed 
on the cards are practically self-explanatory. 

One copy of this card should be kept in the employment files, 
and one copy should be retained by the foreman. When requisi- 
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Fic. 66.—Front of job specification card. 
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Fig. 67.—Back of job specification card. 


tioning a new worker, it is necessary for the foreman merely to 
refer to the job identification. Not only does this obviate the 
constant filling out of cards, but it insures that the job specifica- 
tions for a particular job will always be the same. If a card were 
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filled out every time need arose, the specifications furnished 
the employment department for a particular job would tend to 
vary with the mood of the foreman and the amount of time at his 
command. Since the permanent job card is filled out when 
attention is focused on the task and at a time when it is certain 
to be carefully examined by those interested, it will contain, as 
nearly as it is humanly possible to determine, the exact job 
requirements. 

Methods of Analysis——The man who is conducting the job 
analysis should get the ideas of anyone who can give him informa- 
tion that is likely to be of practical value. The first step is to 
send out a questionnaire to each department, asking for a detailed 
analysis of every job in the department. With this questionnaire 
should go a list of the standard occupations which have already 
been established in order to serve as a guide in making the analy- 
sis and to minimize the danger of having the same job described 
in different terms by different men. 

The time-study man and the foreman should together fill out 
this questionnaire. ‘They should set aside a certain period each 
day and should allow nothing to interfere with its utilization for 
job analysis until the task is completed. From the work that 
has already been done on job analysis in various industrial con- 
cerns throughout the country, it should be possible to devise in 
advance a card form suitable to the particular conditions to be 
analyzed. This card form will be the main part of the ques- 
tionnaire and need only be accompanied by a complete set of 
instructions on how to fill it out. 

The time-study man and the foreman should first make a list of 
all the jobs in the department. They may then quickly classify 
these jobs to the proper occupations, using the standard list for 
reference. They are then ready to analyze each individual job 
in detail. They should first make out cards for all jobs that 
come under a given occupation. Then by comparing these jobs 
one with another, they will be able easily to ascertain the relative — 
ability required on each. This will be a great aid in enabling 
the intelligent checking of the items of importance listed on the 
cards. As has been mentioned before, only the items that cover 
special or unusual conditions should be filled in. 

A review of the cards obtained from a department will tell the 
job analyst just how thoroughly the analysis has been made. 
If there is any doubt at all as to the accuracy of the information 
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submitted, he should himself go into the department and investi- 
gate the job first hand. There he may talk with the man actually 
engaged on the job as well as with the time-study man and the 
foreman. He may sometimes receive further information by 
questioning the employment supervisor and the executive at 
the head of the department. From the detailed information 
thus obtained and from the broader viewpoint of job analysis in 
the shop as a whole, he will be able to assure himself as to the 
completeness of the information secured from the questionnaire, 
and he can make all necessary corrections or additions. 

The drawing up of job specifications should go hand in hand 
with the making of job analyses. After a job has been analyzed 
in detail, it should be an easy matter to determine the necessary 
characteristics of the man who is to fill that job. The time-study 
man and the foreman will make the initial job specifications, 
and the job analyst will check them in the manner described 
above, paying particular attention to the views expressed by the 
employment supervisor. 

Classification of Jobs.—After all jobs have been analyzed, their 
classification follows almost as a matter of course. The chief 
benefits derived from the classification of jobs are that uniform 
pay is given for uniform service and that a logical basis for promo- 
tion is furnished. Considering the first point, if all jobs that are 
placed in a particular class as of the same value to industry, it is 
reasonable to expect that the remuneration given should be the 
same within a narrow range. A range should be provided, for it 
is apparent that the longer a man is on a certain job the more 
familiar he becomes with it and with shop conditions. It is only 
fair that he should receive compensation for this increased 
knowledge, and also as a reward for his stability. 

Job classification makes definite the lines of promotion that 
job analysis suggests. As the man becomes capable of doing a 
higher class of work, he may be promoted accordingly and receive 
the accompanying increase in pay. 

The basis for classification should be the job itself and not the 
worker. It should be reasonably easy to determine the value of 
any job to the industry. A man is valuable to a company in 
accordance with what he does and not in accordance with what he 
is capable of doing. Thus the job should be classified and the 
man paid according to what the job is worth. If production on a 
high class of work falls off and it is necessary to place some of 
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the men who have been doing the work on a lower-class job, their 
rates should be reduced accordingly. Only in very exceptional 
cases where the reduction of rate would cause the quitting of a 
man for whom it might take years to train a successor should 
this rule be overstepped, and then only by order of and after 
careful consideration by the superintendent. 

There are several reasons for some jobs having relatively higher 
values than others. The length of the period necessary to train 
a new operator is an important consideration. Some jobs require 
an unusual amount of manual dexterity which may be gained 
only by long practice. Such jobs are obviously of more value 
than jobs which may be learned in a short time. Other work may 
be handled only by those who are physically very strong, and 
with these, muscular superiority deserves an additional reward. 
Knowledge obtained by much experience on a certain kind of 
work or knowledge of conditions which are peculiar to the job 
at hand is sometimes a reason for extraremuneration. Executive 
ability as evidenced by group leaders and gang bosses should be 
suitably recompensed. Working conditions may be such as to 
make the job less desirable because it is unusually dirty, hot, 
cold, dangerous, or unhealthy or because of long working hours 
or hours at an unusual time, and men working under such condi- 
tions are entitled to receive more than those more favorably 
situated. The cost of the material involved in a particular opera- 
tion may place a premium on a dependable worker who produces ° 
little or no spoiled work. These examples should serve to suggest 
the factors which must be considered when job classification is 
undertaken. 

Making the Classification.—The classification of the majority 
of jobs in any plant willbe comparatively easy. In practice, it has 
been found desirable to divide all jobs into five classes as follows: 

Class A.—This class covers jobs requiring only those masters 
of their trade who thoroughly understand their work in a broad 
way and who are competent to work without immediate super- 
vision; jobs requiring leaders in charge of groups, experimental 
workers, and those on the highest-grade production or tool work. 
General knowledge of machine tools, speeds, materials, and so on, 
judgment, accuracy without the use of jigs, and a high degree of 
skill and dependability are required. Examples: engine-lathe, 
planer, and boring-mill operators on very large work where great 
loss is incurred if mistakes are made; engine-lathe operators 
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on smaller accurate work not depending on grinding for final 
finish; tool work such as thread gages; machine-tool repair work; 
winders on turbo and large generator work, and experimental 
work. 

Class B.—This class may require as good a worker on certain 
specific operations as does the Class A job, but his experience 
does not need to cover so broad a field, and he requires some 
supervision; accurate dependable workers with considerable 
ability and experience but without the thorough knowledge or 
experience required of those in Class A; operators on accurate or 
heavy work which is usually repeated. Accuracy, knowledge 
of speeds and materials, reading of blueprints, and use of gages 
are required. Examples: engine-lathe operators where work 
is not especially accurate’ but is laborious; work on smaller 
lathes where there is great responsibility, as on commutators and 
collectors after they have been assembled on shafts; planer 
operators on medium-sized repetitive work; vertical-boring-mill 
operators on large work or on accurate difficult work on smaller 
mills. 

Class C.—This class is intended to cover specialists or machine 
operators rather than mechanics. It is intended to include 
workmen who have become proficient on specific operations. 
Examples: engine-lathe operators on repetition work and rough- 
ing shafts; planer operators on rough work such as roughing 
stock from poles; boring-mill operators on small repetition work. 

Class D.—This class includes jobs requiring the type of man 
who is somewhat above the laboring class and who shows a 
reasonable degree of intelligence and interest in his work, with 
a desire to learn. On these jobs, in general, the workman is 
trained for a Class C job. It also covers jobs so simple and 
requiring so short a time for training that they are not included 
in Class C. Examples: employees learning to operate engine 
lathes, planers, and boring mills; those learning to wind; stock- 
men; filers; chippers; machine helpers; and punch-press operators. 

Class E.—This class covers what are usually called laborers. 
These are unskilled workmen with practically no previous train- 
ing; men on work where only a small degree of skill, accuracy, 
or knowledge is needed. The jobs are rough, and the operations 
are repeated and extremely simple, requiring a minimum time 
to learn. Examples: truckers, material handlers, sweepers, 
machine helpers, janitors, and ashmen. 
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All job cards should be sorted out into five groups, one for 
each of the above classes. Some few will probably not fall 
readily into any one class, and these must be taken under further 
consideration. Generally, consultation with the foreman 
involved and a first-hand review of the job itself will result in the 
fixing of the job class. 

Conclusion.—As a result of time study and formula work, 
incentives will be established throughout the plant which will 
increase production and which will limit the earnings of workers 
only to their own capabilities. Daily drudgery will be eliminated 
to a large extent, and the act of soldiering or putting in time will 
become largely passé. Certain definite standards are established, 
and the workers will try to meet or better them with a zest which 
may be likened to that displayed by an athlete in piling up points 
in competition. 

Job analysis and job specification will serve to place men in 
jobs for which they are well fitted and, hence, on which they will 
enjoy working. Job classification will do away with inequalities 
in pay and will provide ready channels for promotion. Although 
all this work was started with the intention of benefiting the 
employer, it is questionable if he has received a fraction of what 
he has given. Certain it is that the man today working in a 
modern systematized industry is receiving higher wages, working 
shorter hours under better conditions, and doing less drudgery 
than ever before, and an attempt to return to conditions in 
vogue 50 or even 20 years ago would be met by a well-founded 
and stubborn resistance by employers and employees alike. 
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Operation, analysis of, 26 
covered by formula, 210 
location of, 81 
Operations, classifying, 181 
constant and variable, 182 
table of detail, 213 
Operator, choosing the, 18 
qualifications of, 19 
identification of, 81 
Optimism in time-study man, 15 
Organization of time-study, depart- 
ment, 317 
Overall check, the, 10 
time, 22 


14 


Panel-mounting formula, 230 
Part, 81, 209 
Patience in time-study man, 13 
Payment, plan for formula, 215 
wage plans, 328 
Pencil, time study, 56 
Percentage-selection method of ad- 
justment, 114 
Performance, curve method of ad- 
justment, 115 
level, 120 
rating chart, 121 
table, 109 
Personal allowances, 127 
Personality of time study man, 12 
Piece-work plan, 329 
Position of observer, 59 
Premium plan, 330 
Procedure, operation, 213 
standard time study, 323, 325 
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Q 


Qualifications, of instructor, 318 
of time-study man, 12 
of time-study supervisor, 317 


R 


Rating, performance, 109, 121 
skill and effort, 77 
Reading the watch, 68 
continuous method of, 70 
snap-back method of, 69 
Readings, recording, 71 
stop-watch, 21 
Recommendations for 
ments, 169 
Recording watch readings, 71 
Records and systems, 25, 321 
Reinforced concrete slabs, study of, 
143 
Removing gum tape, study of, 144 
Report, formula, 207 
outline of, 208 
of revised, 226 
Revision of formula, 225 
example of,. 252 
Revolution counter, 52 
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Self-confidence in time-study man, 
13 
Selling formula, 204 
Set-up of job, 29 
allowed time for, 135 
Set-up time, 133 
Sequence, recording, variations in, 72 
subtractions for, variation in, 102 
Skill, classifications of, 86 
rating of, 77 
summary of, 91 
Slide rule, 58 
Snap-back method of reading watch, 
69 
Special allowances, 129 
Specifications, job, 366 
Speed indicator, 52 
Speeds, cutting, 83, 198 
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Standard, data, 149 
time, 110 
system, 331 
Standardization, of job, 18, 38 
of occupations, 363 
of time study forms and equip- 
ment, 321 
methods, 319, 322 
of work, 7 
Station, work, 81, 210 
Stop watch, readings, 21, 68 . 
types of, 46 
Storeroom work, formula for, 270 
study of, 145 
Straight average method of adjust- 
ment, 118 
Subtractions, 23, 101 
Summary, and computations, 101 
of effort, 98 
of elapsed times, 23 
of examples of studying existing 
conditions, 148 
of skill, 91 
of time-study procedure, 77 
Supervision of time-study depart- 
ment, 317 
Supplies, analysis of, 35 
Survey for formula, 168 
Synthesis, 214 


fb 


Tables, 194 
Tact in time-study man, 12 
Task and bonus plan, Gantt, 331 
Taylor differential piece-rate plan, 
331 
Temperature, working, 36 
Testing formula, 199 
Time, allowed, 24, 112, 133 
standard, 110 
study, aim of, 6 
elements of, 17 
equipment, 46 
forms, 53 
history of, 9 
instructor, 324 
reference file, 148 
training, 324 


INDEX 


Time study, uses of, 147 
Time values, abnormal, 103 
ascertaining jobs without, 220 
changing of, 8 
computing, 223 
establishing, by formula, 220 
Time-study department, methods 
and policies, 319 
organization and supervision of, 
317 
personnel of, 321 
records and systems of, 321 
man, qualifications of, 12 
sources of supply of, 15 
training of, 322 
procedure, standardizing, 322 
summary of, 77 
training in, 325 
supervisor, qualifications of, 317 
Time studies used in formula, 
213 
Tools, analysis of, 31 
standardization of, 44 
Training time-study men, 322 


U 


Unavoidable delay allowances, 128 
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Values, abnormal, 103 
miscellaneous, 190 
Variable characteristics, 187 
operations, 182 
analysis of, 184 
expressing in curve form, 184 
Variation method of adjustment, 117 
Variations, in level, 125 
in sequence, 72, 102 
Ventilation, 36 


W 


Wage payment, application of time 
study to, 147 
group system of, 334 
plan under which formula oper- 
ates, 215 
Wage payment plans, 328 
comparison of, 333 
Watch, reading the, 21, 68 
time study, 46 
Winding field coils, formula for. 281 
Work station, 81, 210 
Worker, approach to, 20 
enlisting interest of, 170 
Working conditions, 35, 84 
Working sheets, formula, 216, 218 
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